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THEORY .

A. A Short Description of the Status in the Year 1945.

1. Sreatises on Censral Cyroscope Theory.

After the various treatises by 3. V. KOVALEVSKAYA on general
gyroscope theory, i.e., on that part of analytical mechanics which treats the
examination of the turns made by a rigid body around a fixed roint, a large
number of writings on this subject appesred in Russia during the years from
1890 to 1910. A few of the authors who contributed to this research work are
as follows: ¥, A. STEQRLONVY, P, A HEKRASQY:, G. K. SUSLOW:, N. BE. ZHUKOVSKIY
G, G. APPELROT, A. M., LYAPUNOY, P. A, SLUDSKIY B. Ko KLODZRY ©V3KIY ». K. BOBY-
LEV, P. ¥. VORONEE§ D. N. GOiYACHEY , G. V. KOLOSB#¥9, P. A. QUIF ; and S. A,

CHAPLYGIN. These have in part occupied themselves with this problem through
decades and have brought forth many publications, Some of the results of this
research work have meanwhile come to be included in the stock of the classic
gyroscope theory as, for instance, the "BOBYLEW- STEKLOV Cyroscope", in which
the moment of inertia arouni the principal axis, on which the center of gravity
of the system rests, is twice as large as one of .the other two principal moments
of inertia, or the "GORYAGHEW - CHAPLYCIN Gyroscope", vhich represents a cer-
tain specizlizing of the "KOWALEV3KAxCyroscope”. Also remarkable is an analogy
discovered by -#UKOYSKIY between the equations of motion of an asymmetrical gyro-
scope and the equations of & vertically placed wire of oval cross-section, whose
upper end is nacted upon by a force and a moment. In addition to the contribu-
tions to resezrch of 5. V. KOWALEWSKAYA, ancther group of works nmust be included
which, in part, follow those of POINCARF, and LYAPUNOY¥, and which deal with the
action of gyroscopes which are filled with liquid inside or which move in li-
quid. In sddition to LYAPUNOV, there must be added to this group, S. A. CHA-
PLYGIN, V. A. STEKLOV, G. V. KOLOSO¥ and M. K. KURENSKI,. A good survey of thesd
works ot the best authors on Russian mechanics is to be found in the book by
GERONIMUS (SectionIV - Literature Index - No. 48), and also in the textbooks by
SUSLOV (Section IV~ Literature Index - No. 24) and NEKRASOW (Section IV - Lit-
erature Index - No. 19).

2. Treatises on Applied Cyroscope Theory.

The first Russian scientist who occupied himself with the
question of applied gyroscopic movement was probably A. N. KRYLOV, Having esrly
in his career examined the effect of gyroscopic force on the course of a rotat-
ing projectile, as well as on the action of elastic waves (a problem of the crit
ical "number of revolutions" and of balancing), he later occupied himself inten-
sively with the guestion of the gyro-compass. His textbook on gyroscope theory
which he published jointly with ¥. A, KRUTKOV (Section IV- No. 1) in 1932 is the
first book of its kind in Russia.

As founders of the theoretical basis of Russian construction
of gyroscopic eyuipment are to be regarded: D. G. TOPELBERT, A. N. KRYLOV,
5. L. NIKOLAY and,; above all, B._VW. BULGAKOW. E. L. NIKOILAY, who was a pro-
fessor of mechanics in LENINGRAD, enlarged on some of the research done by
KRYLOV., A smell monograph by him must especially be mentioned (Section IV, No.
18), in which he examines fundamental 4juestion:. on the use of cardan suspensions
for gyroscopes, and thereby culls attention to the important matter of friction
around the individual axle bearings. Among other things he deserves merit for
his books (Section IV, No. 28 and 31), which were published later and which
served to popularize the gyroscope theory.
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In sdiition to some specialized treatises, the contributione
of B. V. BULGAKOY incluie, above all, his textbook on "Ayplied Gyroscope Theory'
Whereas KRYLOV limited himself cllefly to the zroblems of maritime technigue
(gyro compass and "Schlingerkreisel"™), BULGAKOV treated the gyroscope theory
from a more general engle, so that it could serve to examine the gyroscopic
equipment used in aviation, which meanwhile had become knowm.

3. Treatises on the Thevry of Individual Gyroscope Equipment.

KRYLOVW, XUDRE¥ICH  and BULGAKGV occupieu themselves with the
theory on the gyro compass. Thls theory had been examined in such detail that,
in conjunction with work done or'this subject abroad, a fairly complete theory
had matuced by 1945. After TOPELBERT (oeotlon Iv - No. 39), it was the achieved
ment of KUDREVWICH * thet the pructical ayplication of the theory as wsll as the
eyuipment *itself were introduced inte the Soviet Navy.

On the thecry of the "tchlingerkreisel", examinations made by
KRYLOV exist. He also tried to put his discoveries into practice. In his 1lifes
story he writes: "If the Miniutry in Moscow had not refused to grant the 50,000
rubles which I woul:d have needed to construct and to test a "Schlingerkreisel"
on the yacht "Strela", we would now be in the lead in this matter and ahead of
Sperry.” Among the gyroscopic eyuipment for aviation, the horizontal gyroscope
above all has been. made the subject of theoretical resescch by various authore,
including BULGAKO¥ (Section IV - Nos. 2 and 4), SHIPANOV and LEWENTAL (Sec-
tien IV -~ Nos. 5 and 9). 4 paper by FRIEDLANDER treats the question of cardanid
flaws in the directional gyroscope. Two publications (Jection IV - Nes. 3 and
€) deal with the use of gyroscopic equipment for autopilots. TFrom as much of
this researci as could be seen into, it was ascertained that it probably did not
reach the status of the theory on this eyuipment which has been achieved, for
exanple, in Germany (1945).

In summing up, it may be stated that by 1945 many papers on
general gyroscope theory were at hand, some of which represented superior work,
so that a certain legree of completeness already had been achieved in this fleld.
Regarding applied gyroscope theory, rosearch was still in an early stage; be-
sides, the valuable treatises of BULGAXOW ome definitely inferior publicstions]
are to be found (for instance by CiIPA'OW - Section IV - Fo. 5), What was pub-
lished on gyroscope theory up to 1945 did not go beyond certain beginnings. In
part, however, this mu:y be due to the rescrvation observed during the war, spe-
cifically with regard to publications.

3. Survey of Treatises Which Appeared After 1945.

1. Treatises on Gemeral Gyroscope Theory.

As analytical mechanics are strongly furthered in the Soviet
Unior, it is not surprising that of late, also, numerous publications on the
theory of general gyroscopic motions have appeared. In addition to the sum-
msrized presentation of the known standard rcsults, for instance in Section! IV,
Nos. 24, 43, 44 and 48, we also find the attempt to verify the standard results
with the aid of modern wmathematics. The book by ¥. ¥, COLUBSY (Section IV -
No. 53) deals chiefly with the KOWALEWSKAY&ase of gyroscope motion.

Some individual works of research are to be named which tis
in with and, in part, enlarge on stendard results. They are: (a) examinstions
made by KUSHIN (Section IV - No. 50), who by mezns of a special attachment for
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the gravity moment succeeded in treuting the STEKLOW gyroscope with JACOBI's
elliptical functions; (b) the work of SRETENSKIY(Section IV, FNo. 59), who ex-
amined the wmovement of the GORJFACHEW - CUAPLIGIN gyroscope for eventual spe-
cial cases in which a great initial impulse exists arouna the main inertial
axis which passes through the center of gravity. By this procedure, he at-
tained an analogon to the pseudo-regular precdsmion of the LaGrange gyroscope.
(¢) Research by HELRALO¥ (Section IV - Mo. 27) on the KOWALEWSKE gyroscope.
MERZALOW did not limit himself to theory but carried out practical experiments,
rhotographing the movementi of the gyro axis. It is an interesting fact that he
thereby ¢ certain possibilities for the practical use of the KOWALEWSKIWgy-
roscope. The fact that the movements of the KOWALEWSKI gyroscops are not per-
iodic is the very thing which might prove favorable for some uses, for instance
for sliding (In German: "beim Schleifen"); (d) CHETAYEV (Section IV - No. 625
gives a new derivation of the stability reguirement of the LaGrange gyroscope
when the direct method is used,wherecas (e) RUMIANEEY (Section IV - No. 63) used
the same procedure with the deriv:tion of the stability requirement for the
KOVALEVSKT “gyroscope.

Regarding the theory of the movement of a gyroscope in liquid,
three treatises becume well established. Two of them (Section IV - Nos. 66 and
67) tie in with the standard classical cases and examine special problems in
point of the movement of a gyroscope in an ideal, incompressible liquid. RUM-
JANSEW does neot limit himself thereby to the examination of rotations around a
fixed point; but alsc tekes stationury screw movements into consideration. A
paper by KOSHLYAKOW (Section IV - No, 56) may have been primarily the result
of answers to practical questions posed. He examines the action of gyroscopes
in a nor-ileal liguid, making certain assumptions regarding the moments which
the liguid vroduces on the gyroscops. In special cases, one can even obtain
rigid solutions to the Euler-equations.

RUMJANEEY also occupied himself with a further problem - the
action of a gyroscope having hollow spaces filled with liguid (section Iv -
Nos. 64 and 65). Enlarging upon the results obtained by -JUKOWSKIY, he now also
takes into consideration a free surface for the liguid for the otherwise assumed]
ideal and incompressible fluid located within the hollow spaces, The author
contents himself with the setting up of equations of motion and with some re-
lated, general remarks on possible first integrals of these equations. Solu-
tions or attempts at solutions are not given.

2. Treatises on Auplied Gyroscope Theory.

When on¢ considers the flcod of new books which hzve appeared
in the yesrs since the war (1945), it is astonishing that no book on applied
gyroscope theory has been published which even approaches the earlier books of
KRYLOY and BULCAKOW., Only a monograph by OKUNGW (Section IV - No. 45) can be
named, which is long, but, in point of subject matter very narrowly limited.
Obviously it began as research in ballisties, although this is not exactly
stated anywhere. Hewever, the presentation ¢f the problems ani also the exam-
ination methods are ccempletely ndjusted to gyroscopic problems as they appear
in the field of ballistics. Thus the small oscillations of symmetrical gyro-
seccpes are examined in detail vhen damping couples of various types appear (ax—
ial or equatorial, or buth simultaneously), and much care is spent in discussing
the trajectory of the gyroscope tip (Lrojectile tip) under various sterting con-
ditions. A more generalized treatise by FRIEDLANDER (Szction IV - No. 52) is
neitheér especially significant nor convincing in the manner of its execution.
Regarding the so-called pseudo-regular precdsion, he attempts to compute not
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only the shape of the curve (as function of time) of the position of one of
the main inertial axes, but also the non-visible instantancous axis of rota-
tion and the likewise non-visible impulse axis.

Some studies dealing with the question of the effect of
cardanic bearings on the behavior of a gyroscope has proved to be of value
for the theory on gyroscopic devices. The first to be named in this ccnnec-
tion is NI&OLAY who, in supplementation of an earlier monograph (Section IV -
No. 18), in his textbook on gyroscope theory (Section IV - No. 31), also de-
rives the motion equations for gyroscopes with cardanic bearings, without
neglecting the mass of the cardan rings. Application of these eguations,
however, are not made. In the same book, NIKOLA¥ names expedients which can
be used in connection with a theory on gyroscopic devices in mobile reference
systems, by deriving the general equations for the motion of a gyroscope in
reference systems, with motion according to choice, (generalized Euler equa-
tions). In addition, research work was done by SLOMFANSKIY(Section IV - HNo.
58) on symmetric gyroscopes with cardanic bearings. He dispensed with & lin-
earization of the motion equation, but nevertheless neglected the masses of
the cardan rings. In this manner he examined; above all, the regular pre-
cdigion, as dependent upon the current reciprocal position of the two cardan
rings.

A treatise by METELTEIN (Section IV - No. 51), short but
rich in content, is of great significance for the theory and cutlining of
gyroscopic systems. Ilere the author succeeds in clarifying the influence of
the various types of power which are effective in a dynamic system (dis-
sipative, gyroscopic, conservative and actually inconservative powers) on the
stability requiremonts. In this manner, he arrives at sowe very general state-
ments on the possibility or impossibility of stabilizing dynamic systems by
the addition of gyroscopes. It will be possible to put these statements to
very good use, especially in designing complicated gyroscope systems.

New viewpoints on the problem of acceleration-free adjust-
ment of gyroscopic devices were brought to light by a brief examination made
by TKACHEW, Vhereas previously the 84-minute principle had been limited to
or:ly such devices in which the gyroscope in some way was subject to gravita-
tional anchorage, thus representing a kind of gyroscopic pendulum, TKACHE¥ ¥
now showed that systems without gravitational anchorage also possess a natural
oscillation duration of 84 minutes in cases of acceleration-free adjustment
(German: "Abstimmung"). The paper does not treat the practical application
of this discovery.

3., Treatives on the Theory of IndiviBual Gyroscope Eguipment.

Of the mahy books which deal either entirely or in part with
gyroscopic devices and their related theories, unfortunately only twe were '
available: PAVLOW (Section IV - No 22) and TOPELBERT (Section IV - No. 39).
On the point of gyroscope theory, these two books offer only certain elementary]
basic information. Of greater importance, on the other hund, are two other
books which were available in the Soviet Union. SOLOWIY (Section IV - Ko. 33)
does not offer anything new on the theory either, but because of the large a-
mount of material he has gathered, and because of the data on Soviet devices,
his book is very valuable. KCBLOV (Section IV - No. 57) has explained in de-
tail the question of the suppo.t of gyroscopic horizons and of directional
gyrcs and thereto tenders a theory not previously found in such detail. It is
unfortunate thet the comprehensive report of ROYTENBERG (Section IV ~ Ho. 42)
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was not available, as this would probably be of the greatest iiportance in
the judging of these gyroscopes. The newer book by PAVLOV (Secticn IV - No.
60) also could ve very informstive, although it is to be expected that its
significance wiil be more in the practical realm.

POPBLBERT (Section IV - No. 39) treats the theory of the
gyro-compass in deteil in his book of about 100 pages. The author himself
adls nothing new to this topic, but uses the numerous papers previously writ-
ten on this topic by XRYLOY and BULGAKOV as a base. It is striking that in
all Russian compass theories there is a predeléction for those questions which
deal with the 84-minute-setting ("Abstimmung"). The most interesting paper on
the subject of the gyro compass is undoubtedly an early publication of BUL~-
GAKOV (Section IV - No. 14) in which, with the wid of an cperutor's metiod,
the most dangerous meneuver for the course indication of a ship and the ac-
companying acceleration error of the compass indicator is coamputed.

The theory of the artificial horizon, the development of
which already had been well advanced by the research of BULGAKOV (Scction IV -
Nos. 2, 4 and 8) has been given relatively little attention since 1945. KOSIL
YAKOV (Section IV - No. 41) exumines the indication errors of an artificial ho-
rizon for cases in which the rotation speed of the roter is subject to certain
changes, whereby either momentary slight changes of the otherwise ccnstant num-
ber of rotations or slight periodic variations are assumed. In both cases, he
comes to the conclusion that the influence of the variation in the number of ro
tations on the indicator may be overlooked, jprovided thst the variations them-
selves remain slight. In a later work (Section IV - No. 56). he again takes
up the same problem; he computes the indicator error for the case that the gy-

""" For some arbitrarily sssumed
time functions of the rotation speed course, he finds corresponding damped
"error motions" ("Fehlbewegungen) of the gyroscope axis.

) Resezrch done by DANILIN (Section IV - No. 46) represents a
very interesting case. The writer already had been able to examine this work
in the Soviet Union and had ascertained that, in part, it had been copied ver-
batim from a paper which had been published nine years previously in the German
pericdical "Luf tfahrtforschung" (Vol. 19, 1940, pages 23-43), and that the il-
lustrations, in part, simply had been taken over as they were. The original
German work, however, had not been cited. A letter of complaint to the editor
cf the periodical "Avtomatika i Telemeghanika", accompanied by a special print
of the German article as proof, was never ansvered. Some years later it was
ascertained by chance, that the work of DANILIN wes not included in part. of
the edition, although the title and the numbers of the pages were included in
the index of? all the issues for that year.

On the theory of the turn indicator, there is knowledge of
only one paper, by PALPOR (Section IV - No. 25) which, unfortunately, was not
available.

. ~ Ah -interesting new type of gyroscopic device has been cal-
culated by &HOBHLCY (Section IV - No. 29). IHe calls it gyroscope-magnet and
tries thereby to establish a direct connection between an astatic gyroscope
and a magnetic needle, in contrast to the usual connection of the two pileces
of equipment by means of a slowly functioning correction mechanism ("Korrek-
tureinrichtung"). Interesting though these examinations are, they are too
theoretical to be put into practice. Although it is possible to solve the
motion equations of the asystem by making use of some daring aids, yet the re-
sult can scarcely be used in a practical sense. The period of oscillation of
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the equipment, for instance, should be adjusted at the enquator to 12 hours ( !
and, at a latitude of 60 to even double that value.

Two papers deal with problems of gyroscopic stabilization:
ROYTENBERG (Section IV - No. 30) examines the self-exciting oscillations of
a stabilized platform whose motions are measured by a gyroscope and influenced
by a supporting motor. Because of a certain irscnsitive zone and a black-white
characteristic of the steering potentiometer of the gyroscope, stationary self-
oscillations are possible, whose freguency, amplitude and stability are com-
puted. From the figures given in the example shown, it is easy to gather that
the purpose of this research is to clarify the behavior of heavy, stabilized
platforms (artillery on ships ?). In this work, incidentally, attention is di-
rected to a not yet published work by A. I. LURE , which also deals with the
behavior or a gyroscope eguipped with a support mechanism.

BAUTIN (Section IV - No. 36), in his interesting monograph,
also treats of gyroscopic stabilization: =2 nmonc-rsil train and also a gyro-
stabilized ship. . The two problems are similar, differing from each other only
in that, in the case of the mono-rail trsin, the center of gravity of the gy-
roscopic system lies over the lowest point of sugpport, whereas in the case of
the morine stabilizer it must lie under it. BAUTIN searches for the limit of
stability znd comes to the conclusion that in the case of the marine stabilizer
the limit: of stability is always safe, whereas in the case of the single~track
train dangerous limits of stability may occur.

AXD PRODUCTION.

The nunber cf descrigtive publications is slight coupared with the number
of the works on theory hitherto discussed. Hence, few treatises are available
on the basis of which to Jjudge the practical problems of production and devel-
opment of gyroscopic eyuipment. Ilost of these are found in books which were
rublished a few yearg after the end of the war, and therefore probably repre-
sent the status toward the end of the war. .(1945). It would be well to keep
this in mind in judging the following presentztions.

A, Gyroscope Eguipment.

1. Directional Gyroscopes.

The first directional gyros uvsed in the Soviet Union came from
firms abroad (principally Sperry-Askania and Sienmens). At first, this equip-
ment was put to use just as it came; later, efforts were made %o improve on
the precision of the equipment by means of more refined regulating in point
of standgrd values. This proved to be especially necessary during flights in
arctic regions. In the book of SPIRIN (Sectiom IV - No. 11), there is a no-
tation on this subject. However, it is not possible to ascertain from this
quotation what details comprised this regulating or what results were achieved.

Beginning with the ycar 1974, the construction of the foreign
equipment was at first copied exactly. Later changes were made in individual
parts. Illustration No. 1 {S& »¢r o o oy o is a view of one
of the first directional gyros built in the Soviet Union (after OLMAN - Section
IV - ¥o. 23). The support here is pneumstic over s rough spherical calotte,
against which single air jets are blown. The air jets are steered by a meg-
netic telecompass. ‘he correction speed eguals 6 - 8° per minute. When curves
are to be flown with this equipment a precession speed of 50-60" per minute is
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attained by blowing with a strong air jet. Thus, while the curve is being
flown, the gyroscope retains its axial direction relative to the curve-flying
airecraft. An aircraft steered with this directional gyro is said to hold its
course with = 2° precision.

In later types of autopilots, there was a changeover to the
Sperry constructlions, which were of proved gquality, or to copies of the Sperry
constructions by Askania. Whereas changes were made in the steering gear, for
instance in the steering engines, in order to adjust the permissible tempn*atu‘e
range of the autopilot to the condltlon prevalent in the Soviet Union (- )O C
to 6C C) the directional gyro in the autopilot CTH = 4 and ABT -12 has been
left unchanged. In the autopilot, A7/ = 42, however, which is more highly de-
veloped, a change has been made in the locking device us is shown in Illustra-
tion 2 (see origingl (exnan 14 In place of the formerly used azi-
muthal cog wheel into which, in order to pre-set the course, an adjustable pin-
ion could be inserted, a construction now has been chosen which obviously has
been borrowed from the Ciemens directional gyro. A disc.2, which is movable in
an up and down direction, has & circle of holes at its periphery into which two
small pins can catch, which are not vicible on the illustration. The mechanism
simultanecusly makes pre-setting and locking possible as the disc, 2, when it
rises, takes the catch ("Arretierhebel) with it, which, in its finel position,
firmly holds the inner cardan ring in such a way that the gyroscope axis as-
sumes a horizontal position. The sujpjport mechanism ulso has been changed. 1In
place of the pneumatic surport, a megnetic support is being used, whlch also
has been tsken over from the Siecmens constr uotlon. The inner cardan frame bears
t=o swall perpanent magnets, one of which (4) is visible in Illustration No. 2.
In the upper part of the casing (Illustra-
tion No. 3 SN T SUE N KR A there is a coil which, if the gyro
axis deviates froh the correct Vﬁlue ("Sollwert"), is changed by a current, and,
in this manner, effects & correction moment on the gyroscope. At the time the
book was being written (Section IV - No. 23), 'this eguipment represented the
most modern Soviet directional gyro which was being used in sutopilots.

In addition, efforts were made in other places for the fur-
ther development of the directioral gyro. This can be secn frem a table con-
tained in the book by PAVLOW (Section IV - Ko. 22) which, significantly, is
not accompanied by any text.

. In addition to the directional gyro by ARSCHUETZ and the
"static compass" of the firm of BROWN, three pieces ol equipment are presented
here which, presumably, are of Soviet origin, or at least were copied in the
Soviet Union. They are charscterivzed by the following datas

Wo. of Frictional Moment
{ ..
Accuracy Rotations Impulse (g cu)

Deg/hour 1/min (g cm sec) Rorizontal [Vertial

Simple direc-

tional gyro

of low cuapa- )

city 14,000

Directional
precision
gyroscope 18,000 129,896 5=6

L]
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No. of Frictional Moment
Accuracy Rotations Impulse (g cm
Deg/Hour 1/min (g cm sec) | Horizontal Vertical

Modernized direc- . 3°

tional gyroscope
of low capacity

18,000 12,252 1.2 2-3

From the given data on impulse and number of rotations, it
is easy to ascertain that the two directional gyros of "low capacity" belong
to the type which has the dimensions usual in aviation. The "directional pre-
cision gyroscope", however, is considerably larger; its rotor possibly weighs
3 kilograms. -

2. Horizontal and Vertical Cyroscopes.

Illustration No. 4 (seec gppsmdes. . - - . shows
a diagram of one of the first horizontal gyroscopes built in the Soviet Union.
At this stage it does not as yet function as a horizon indicating piece of e--
quipment, but works Jointly with the speed-measuring Venturi tube in the auto-
matic longitudinal stabilization of an aircraft. The gyroscope is steered
through the Venturi tube over the illustrated pneum:tic support mechanism and
renders an oscillation-frec direction indicution for the steering of the long-
itudinal motion. Illustration No. 5 (see Bopooron Ak I shows
- s : S
the construction process of the gyroscope.

Later models of autopilots (TypeC:Xifl-40 vere made into in-
dependent equipment by the installation of two supporting pendulums. Illus-
tration No. 6 {see [EstRAR, pags O © . shows the diagram of this
horizon., The steering pendulums 1 and 2 have short natural oscillation per-
iods ("kxleine Eigenschwingungszeiten"), and hence adjust themselves with very
little deceleration to the "Scheinlotrichtung” (imaginary vertical reference.
Both pendulums have a pair of nozzles each, through which ‘air is blown against
the spherical rough shell which is attached to the inner cardan ring. The
blover nozzles are vartly cloaed by a shutter (3), which is firmly connected
with the outer cardan ring. A shutter formed especially to suit this purpose
causes the outer cardan ring always to precede vertically in the direction of
the "Scheinlatﬂ (imagin&ry reference).

The automatic radio compass of the type (ﬁ?ﬂ-‘g, according
to reference book 23 (Section IV of this report), the most modern one, has a
horizon which, remarkably, deviates in meny points from the well- known Sperry
horizon. (See Illustration Ko. 7 - Bopindie page 5 . ‘. Udlike the
Sperry, the axis of the outer cardan ring does not lie in the direction of the
longitudinel axis of the aircraft, but lies vertically to it. Although this
makes for e simpler indication of the longitudinal and lateral reference, the
degrees of freedonm (”Freiheitsgrade") of the equipment ars conseyuently some-
what less favoraubly distributed. They are +80 and —550 for the longitudinal .
inelination, and =557 for the lateral. The mechanism is so installed that the
gyroscope axis is not stabilized exactly in the imaginary vertical reference
plane, but is stabilized somewvhat inclined in the flight direction. Further
differences, as compared to the Sperry horizon, exist in the form of the 3up-
port pendulum and in the type of the "pickoff"™, which here is done by a pin
sliding in a groove. The mechanism is stated to be capable of working in a

) ¥ .

temperature range of -35°C to +60°C, No mention is made of the indication sc¢-
curacy of the equippent?
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Independently of these horizofis used in the automatic radio
compasses, another horizon was designed by RULGAKOY¥ ani ROTENBERG (sec Sec-
tion IV - No. 34), to which the treatise by TKACHEN'  (Section IV ~ No. 38)
also refers. No details on this horizon are known as the original paper was
not available. HNor is it possible to ascertain whether the eguipment was
tested, or whether it was constructed in quantity. In the available papers,
nothing is said on vertical horizons. The only work, the title of which referg
to them (see Section IV - No. 26 - ROYTENBERG), could not be obtained.

3. Turn Indicator and Accelerometer.

In the autopilotz used in the Soviet Union, no turn indica-
The book (Section IV -

No. 25) contains only a short description of the turn indicators used in the
German autopilots by Askania and Siemens, and a likewise short description of
the "Vorhaltkreisel" (lead gyroscope) in Type LZ-14 of the Askania steering
gear. Yven in the otherwise very detailed book by PAWLOYW (lJection IV - No. 22)
gyroscopes for measuring rotational speed are mentioned only once, and at that
very briefly. As, except for this, only a single publication on this topic can|
be found (Section IV - No. 25), there is reason to asaume that in the Soviet
Union no importance was attached to the turn indicator,

4. Measuring Gyros.

In one place, PAYLOY (Section IV - No. 22) mentions two
gyroscopes used for measuring. One has full cardanic bearings with three
degrees of freedom; the rotations of the outer cardan ring are measurad, i.e.,
recorded, with reference to the casing. Thus, according to the sketch, it is
a case of a simple measuring mechanism for the angle of rotation, The second

- gyroscope has an elastic suspension of two degrees of Treedom, in which the
deflection of the gyroscope frame is proportionate to the rotational speed.
PAVLOY, however, designates both mechanisms as “sccellerographs", i.e., as
accelerometers.

e Stabiliziné Gyros. o <

Gyroscopic stabilizmation is publicized only in literature per-
taining to the Soviet Navy. In addition to the already mentioned research on
ship gyroscopes by BAUTIN (Section IV - No. 36), the work done by ROYTENBERG
(section IV - No. 30), which dealt with the stabilizing of larger platforms,
should be mentioned above all. Obviously self-oscillations had been observed
in such platforms, and the research done by ROYTENBERG was to serve to clarify
their theory. As can be gathered from the report, according to this system
the outer cardan ring of a gyroscope is firmly connected with the platform to
be stabilized. In case of interference for the platform by rotational moments,
the gyroscope precedes around the axis of the inner cardan ring and thereby ac-
tivates a contact system, i.e., a potentiometer. Thereby, over an amplifying
device, a motor is switched on, which counteracts the interference moments.

The weight of the stahilized platform lies between 0.5 and 1 ton (metric); the
gyroscope weighs about 20 kilograms. The stabilizing motor has a rated current
of 6 amp., and thereby supplies a stabilizing moment of 45 nkg.

In his book, PAYLOV (Section IV - Ho. 22) describes an older
construction of the stabilization gyroscope by SHILOVSKIy which is to serve
for the stabilization of the target mechanism of ship artillery. In this case,

the sighting telescope is firmly connected with the g¥roscopic axis. Direc-
tional changes of the telescone go-nr us the offepct aof corresponding precession
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moments as caused by the observer.

6. Other Gyroscopic Equipment.

TOPELBERT (Secction IV - Fo. 39) describes a gyroscopic sextant
vhich was introduced into the Soviet Navy. On the sextant casing, there is a
small gyroscopic horizon which, in principle, does not differ from the well-
known construction of FLEURIAIS. The rotor weighs about 200 grams and its
rotation amounts to about 10,000 rpnm by being blown at by an air jet. In or-
der to start it, the horizon with its casing i3 taken off the sextant and later
put on again. The measuring itself is done when the gyroscope is decelerating.
It should be noted that the time available for weasuring amounts to about 5 to
6 minutes; after this time the rotation of the gyroscope has diminished to such
an extent that the accuracy of the equipment no longer suffices. Oscillations
of slight amplitude scarcely influence the using of the eyuipment because of
the conical bearings selected for the gyroscope suspension. According to ex-
perience, 120 seconds of self-oscillation result in the most exact indications
and the least influence on the ship's novements. 1In calm weather, the accur-
acy is given as from 2 to 5 "Bogenminuten" (curve or arc-minutes).

. TOPELBERT also mekes statements on gyroscopic equipment for
the direct indication of the geographic latitude. It is known that the gy-
ration compass and the gyroscopic horizon both have indication {laws, which
relate to the geographic latitude. Thus the geographic latitude could be de-
termined by measuring the flaw. A discussion of the measuring accuracies re-
quired for this purpose, however, shows that usable results could scarcely be
attained in this way. TOPELBERT therefore brings up a thought which refers
back to FOUCAULD,'according to which a gyroscope with two degrees of freedom
executes undamped oscillations around the direction of the earth's rotational
axis, if it is allowed to participate in the earth's rotation in a suitable
way. It is stressed; however, that the problem of constructing a piece of
eguipment on this principle, and usable for navigation is not yet solved. So
far, the required accuracy for navigation has not been attainable.

The "gyro-magnet" mentioned in research done by vHOKHLOV
(Section IV - No. 23), which is to serve to indicate the coursg and which
pre-presents a new type of combination of directional gyro and magnetic need-
le, has not yet been built.

. -

SHLANDIN (Section IV - Ho. 47) mentions a "gyro-induct ion-
compass" which has 3 inductive leads which respond to the mugnetic feel of
the earth and are mounted on & gyroscopic casing in such a way that they lie
in a horizontal plane. Thus oscillations of the lead are avoided and the so
greatly feared "north turning error" can be congsiderably reduced, The accur-
acy of the induction measuring is stated to be.X 2°, Construction details on
this gyroscope are not given. This gyro-induction-compass is also used in a
combination equipment ("Auto Navigator"), by means of which, using the mea-
sured quantity of the course, speed, wind direction and wind speed, the flight
course is computed and immediately recorded on 2 card.

B. Individual Parts of Gyroscopic Equipment.

1. Rotors.

After a discussion of the construction details of various ex-
clusively foreign rotors, PAVLOV (Section IV - No. 22) presents a table in

NOTE: THIS DOCUMENT CONTAINS INFORMATION AF‘FECTING THE NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING GF THE ESPIONAGE ACT,50 U.S.C —
3! AND 32. AS AMENDED. ITS TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.
IT MAY NOT BE REPRODYUCED IN WHOLE OR IN PART, BY OTHER THAN UNITED STATES AIR FORCE AGENCIES, EXCEPT BY PERMISSION OF THE DIRECTOR OF
INTELLIGENCE, USAF. . .

SECRET .
(CLASSIFICATION) T6—EG570-1  U. S SOVERNMENT PRINTING OFFICE

Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0



.

] SECRET :
AFF —
APPRO\OIBDNI‘ JIU]NzE mfaA RTl (CLASSIFICATION) Attaeh mant

AR INTELLIGENCE INFORMATION REPORT

PAGE 15 38

which he has compiled data on the characteristics of 14 rotors. In nine cases,
the foreign firm which produced the rotor is stated (ANSCHUETZ, BROWN, SPERRY);
in the other five cases, there is only a dash in the corresponding space and
column, so that it may safely be assumed that these rotors ure of Soviet ori-
gin. llere are the data on these rotors:

n D D bt

3 _ d
(gemsec) (1/min) (unf) (i) (mm) ; (ma)

714,6 | 18000 98 12 8 3544
788 6 18000 100

2878 , 18000 160

3261 70.9 18000 168

2900 .6 18000 168

Symbols: ™ weight of the rotor.
inertia moment around the axis of rotation
number of rotations

The other characteristics are the peombmrLcal me.guroments of
the rotors as shown in Illustration Ho. &. (See Ggri 5 2
A1l five of the rotors given in the table belong to Type .

thdt it was planned to apply the lessons learned during the copyi
ANSCHUETZ-compass-rotors to the construction of Soviet gyroscope

No deviation took nplace from the basic congtruction of the
rotor disc of equal rigidity on an elastic shaft, only minimum changes in the
size were undertaken. The weights and inertial moments are somewhat increased,
the number of rotations is somewhat less than in the ANSCHULTZ equipment, the
impulse is only slightly greater. It is interesting to note that now the same
type of comstruction has been followed for the two smaller rotor types also
(the two firgt ones in the table). Of the osher rotor types noted in Illus-
tration No. 8, under symbols ;, no Soviet constructions have been
mentioned.

For use in gyro-compasses, two other rotors were constructed

in the bov1et Union, whose form is shown in Illustration No. 9. (Sec s Lmdix
° . These rotors weigh 23 Kgs and 10 Kgs respectively;

their Odtolue diameters are 250 and 150 mm. Their RPM are 6,000 and 10,000.
Their activation is through three-phase polyphase current of 45-volt voltage.
The low revolutior rotors are made of manganese bronze and run in air under
normal pressure; on the other hand, the faster rotors are made of steel and
run in a vacuum (?). (NOTE: Questlon mark made by MAGNUS). Illustration HNo.
10 (see & end™ opdu M is a view of such a rotor in its casing.

In addition to the alternating current rotors treated up to
now, a small direct current rotor also has been developed by B. A, TALALAI in
the Central Aero- znd lydro-dynamic Institute “TsAGI. However, nothing is
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known about it in detail. The only mention made (Section IV - No. 23) is that
serious difficulties occur because the mechanism includes a collector.

. The pneumatically-driven rotors are obvicusly only copies of
the well-known constructions of Sperry or Askania. There sre both types of
eguipment, those which work at high pressure and those driven by low pressure.
For the drive itself, two variants are employed. In the one, the propulsion
nozzle is mounted inzide the gyroscope casing, i.e., in the inner cardan ring
(for instance, in gyroscopa-horizons); in the second case, the propulsion noz-
zles are connected with the outer ring (as in the directional gyro).

2. Bearings.

PAVLCY (Section IV - Nc. 22) covers about 40 pages in ftreat-
ing the guestion of rotor bearings in detail. Not only are data given about
the requirements of rotor bearings during various motions of the casing, but
also details for conducting calculations for the bearings. Among other things,
many numerical values of Soviet constructions are given. Illustration Ne. 11

Bl a4 " ghows the four main types of bearings chiefly
used in the Soviet Union. Tyre 4 shows the bearings put out by the firm
"NORMA® which are usually used in the Sperry mechanisms. In copying these me-
chanisms, bearings of Type were used in place of those of the "NORHA" Com~-
pany, which differ from Type &% mainly cenly in the form of the bearing sur-
faces at the tip. According to No. 25, Section IV, bearings of Type & are
being very frejuently used of late. Type .- has the advantage, in ) that
bearings of this type can be obtained in series from the ball bearing factories.
These ball bearings, also called "magnet bearings", have been included in the
norms and are manufactured by the factory T3 under nunmbers: 6006, 6008,
snd 6010. The last digits of the oot rinmudidl ... .("Kennzahler") indicate
the inner diameter in millimeters. The outer diameters of the bearings are 21,
24 and 28 mm, respec 1ly. The axial play is indicated to amount %0 a value
of .005 mm. The friction values of the bearing race lie between 5 and 8 g om.
The quality of bearings is generally measured on the basis of the time required
for starting and stopping the motion. The statements made on this subject by
PAVLOV in his book fail in this respect, since he does -not separate bearing
friction values from those of air friction.

The reference book (Section IV - No. 55) contains very detaikJ
information on all types of Soviet ball bearings. The various types of ball-
«bearings for all purposes are listed here, using the Soviet norms and giving
all data.

As the question of bearing-friction in the cardan bearings of
gyroscopic equipment is of decisive importance for indicator-accuracy, PAYLOV
(Section IV - No. 23) treats it in considerable detail. Although he analyzes
the various types of bearings in foreign egquipment, his desoriptions do not
show which of the types of bearings discussed are being used in the Soviet Union|
One learns only that in some of the mechanisms for autopilots (sutomatic radio
compass), ball-less conical bearings aiso were used, but that these did not
rrove satisfactory becsuse of the high demands mads on the coptact surfeces.
oscillatory bearings ("Schwinglager"% of domestic construction are not men-
tioned at all in Soviet. writings. The fact, however, that foreign construc-
tions of this type are discussed in great detail, leads to the conclusion that
this type of bearing has been tested and possibly even constructed in the Soviet
Union. These suppositions are supported by two thingss first, KRASGVSKI}(Sec—
tion IV - Ro. 555 in a publication brings a theory on oscillating bearings and
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thersby expressly points to their use in the construction of gyroscopic eguip-
ment. He also gives the results of experiments. Secondly, the construction
of 2 special ball bearing became known, having three rings and two bearing
ruces (Section IV - No. 33), which is especially planned for the construction
of low friction oscillatory Leurings ("Schwinglagerungen")

None of the available publications contzined anything on the
very timely questiong of pneumatic, hydraulic, electrical, magnetic or electro-
magnetic bearings of gyroscope systems. However, TOPELBERT does menticn the
problems which arise in the suspension of compass systems. In the Russian gyeol
compasses, a threadl suspension has been used to relieve the supporting ball
bearings, by which the weight of the system is taken up. The ball bearings
then function only as guide bearings ("Fuehrungslager")“ In order to avoid in-
terference torques due to the twisting of the thread, a compensating rotational
device ("Nachdreheinrichtung") has been installed. Although the floating sus-
pension of the compass ball ("Kompasskugel") used in the two-gyro compass of
ANSCHUETZ is described, it does not seem to have been taken over into their own|
(i.e, Soviet) construction.

3, DPickoff Points.

It is remarkable that in the publications about the various
gyroscopic mechanisms and individual parts, with the help of wi:ich the indi-
cator values of the gyroscopes are converted into, for instance, electrical
values, nothing can be feund about pickoff points. These questions, however,
are treated in considerable detall in the more general new publications (Ssc-
tion IV - No. 47) (Section IV - No. 54), both of which have the charzcter of
reference works. Principles, modes of execution, and papers of computation
for the most important of the selsyn types (GEBER) (resistance, inductive,
capacitative and photoelectrical) are discussed, without any mention of the
individual use of these selsyns in gyroscopic mechanisms. Only in the dis-
cussion on resistance wire potentiometers 1s it stated that, in sensitive aero-
nautical equipment, in which it is of vital importance to have as little fric-
tion as possible, special resistance selsyns should be used, wound of very thin
(0.03 mm) platinum-iridium wire. The resistance of these selsyns mounts up to

;5 the good corrosion resisting qualities of the wire permit the use of
“Schleifern" (contact strips) with a contact pressure of "several tens of milli
grams". The contacts themselves are so light that sven if higher accelerations
should occur, there would be no dangar of basing contact.

4. Supporting Mechanisms. .

2 The supporting mechanisms mentioned in the publications do
not differ greatly from the known types of foreign gyroscopic equipment. Some
of the mechanisms may be seen in part in the illustrations of earlier paragraph$
the well-known though constructionally somewhat changed air bearing ("Luft-
stuetzung") for a gyroscope horizon in Illustration No. 7 ($td apsdwsix
?ﬁ?&ﬁa), or the supporting mechanism of s directional gyro (Illustrations No.
2 and 3 - sa&¢ a?;a#néix, sBFEe- § wal w0 1), which consist of twe small
permanent magnets on the inner cardan ring and a spool through which current
flows, in a casing, and through which the directional gyro is adjusted accord-
ing to the indications of the magnetic telecompass ("Magnetfernkompass™)., Fi-
nally, Illustrations No. 1, 4 and 5 (&4¢ afsshgix, S3gM 4 Bre 0. 7 B

show a pneumatic support mechanism, in which the correctional mo-
ments are produced by blowing air at a rough half spherical shell ("raunhe Halb-
kugelschale").
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In the supporting mechanisms, it is possible to distinguish

. between indicators and selsyn moments ("Homentgeber"). PAWLOY (Section IV -

No. 22) treats several of the more usual indicators, for instance, leveling
selsyns (“Libellengeber"), which either hsve a ball rolling in a curved glass
rod or consist of a U-shaped rod filled with quicksilver. 1In point of the
selsyn moments, only electrical or electro-magnetic mechanisms are taken under
discussion. For a rotary msgnet with a Z-shaped armature, which is obviously
of Soviet origin, the moments are stated to be a funetion of the angle of ro-
tation. It 1s to bLe see¢n thereby that this construction is usable up to angleg
of about 70°. Other constructions may require a lower performance, but they
&lso have an appreciably inferior rotation angle characteristic.

Specizl papers on the various types of selsyn moments may al-
so be found in Section IV - No. 54.

Y« Locking Devices.
The directional gyro shown in Illustration Ho. 1 (a;idw:#i%
Ckeyar L !, a5 well as the horizon shown on Illustration No. 5
(original German text - Pg. 18) possess a locking device which deviates from
the other known devices of its kind. The principle on which they are based
can be seen from Illustration No. 12 (Sui-wm @ wiviif 23w & ). A ro-
tatable bar is attached to the casing of the eguipment, which can be set in
motion over a cranking mechanism by means of a small alr-pressure cylinder.
If there is no air-pressure in the cylinder, then the spring (15) pushes the
piston upwards, thereby turning the lever (i0) in such a manner that the two
ends (17) touch and run upon two V-shaped tracks on the outer cardan ring and,
in the final position, simultaneously fix both cardan rings. Now, if a pres-
sure of from two to three atmospheres is let into the cylinder, the lever (10)
turns back and releases the mechanism for work. In Illustrations No. l and 5 °
.. the individual parts
of this device are plainly to be seen.

Another locking device has already been mentioned in Section
II-A-1 and shown in Illustration No. 2 (meerEeEEr ey it 8. It
is a question of a change in the locking device of the Sperry direotional gyro
after the model of the Siemens directional gyro. PAVLOV (Scction IV - No. 22)
dealp with the various kinds of locking devices in considerabie detail, weigh-
ing their advaehtages and disadvantages against each other. He describes the
device shown in Illustration No. 13 (see appur ags - P . as one
of the latest constructions of this type. -

By turning the handle (6), two levers (15), which have rollems)
at their ends, are swung upwards, and the gyroscope casing is locked opposite
the cardan ring. By deprsssing the button (7), the carden ring is held fast
and can be set in the desired position by turning this same button. For sim-
pler cases, PAWLOW recommends the use of the locking device shown in Illus-
tration No. 14 (see agpendin page F5 ".. 7} which, however, has this

~ disadvantage, i.e., that the gyroscope axis can be held stationary only in a
single position. ’

Constructional details on individual locking devices can also
be found in the reference work (Section IV - No. 55).

6. Other Individual Parts.

The various types_of current conductance to an electricall
driven, yet in s oardan casing TTreely movable gyroacope have hoon examined fm
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great deteil. PAYLOY (Section IV - Ko. 22) herzto renders the results of ex-
reriments from which it may be gathered thut the tollowin; types have becen
exanined in greater detail: centralized weak contacts, level (sliding) con-
tact brushes ("ebene Schleifbucrsten"), cuntact rruszhes of the Brown Type,
roller contacts with a cylindrical =and with a rounded puth. The most favor-
able valuse are shown by the point contacks, a8 they raquire an eppreciably
lower contact pressure for spark-free functioning. Among the various sliding
(or hrush) contacts or roller contacts, = roller with a rounded path proves
to be most favorabls because of the friction valuss. 3By mw2ans of long-term
experiments, it has further been ascertiined that the same roller contact
showed even the slightest resistance chanzes after ten hours of uninterrupted
functioning. . In this experiment, the roller, silver-rlated, moved in a brace
contact path. B

Books (Section IV - Fo. 47, 54 and 55) contain papers, in
part very detailed, on such Sovist constructions and productions of further
individual parts as are used in the construciion of gyroscopic eaquipment from
time to time, for instance: relays, relay or starting motors of low parform-
ance, amplifiers, couplings, selsyns and Amplidyne- .

III. PERSONAL EXPERIENCES.

A. Gyroscopic Problems in %hich the Soviets Huove Shown Interest.

1. Improvement of Precision of the Gyroscopic Equipment of the A4

Rocket

The first phase of activity of the Cerman rocket specialists
in Plant 88, the npregconstruction” of Rocket A-4, with all its individual parts,
was practically finished at the end of the ysar 1946, as the most important
part of this work alrcady had been done in BLEICHERODE. At that time, there
was some wavaring whether or nat to go aheand with farther-reaching construc-
tional changes. It is true that, in discussions, the question had often conme
up, whether it would not be possible to increasse the target-accuracy of the
rocket by a more minute adjustment of the gyroscopic equipment. A report which
resulted from these discussions, .nd which I compiled in the year 1947, dealing|
with the computation of the influence of finishing tolerances and adjustment
tolerances on the "on target accurgsy" of the rocket, must be reviewed. It is
the essential result of this referenced report that we come to the realization
that the state of the art regarding f{inishing tolerances was abcut as advanced
as possible, so that, unleas there should ne {ar-resching constructional changeq
in gyroscopic eguipment, no sppreciable improvement on accuracy was to be ex-=
pected from this approach. The very painstaking experiments which were made
by the firm ZEISS in 1946, mn adjusting horizons of Typs D3a, and verticala of
rype EA3a, which were mounted out of individual parts which the firm still had
available, had nevertheless brought forth a certain improvement over the orig-
inal degree of saccuracy, 30 that-the question arese; vhether it would not be
aogsible to imyprove the accuracy of the previously established tolerances.
This, however, was not done, beczuse obviously one did not wish to gemeralize
on the results of limited experiments bafcre due +ime. How proud the Soviets
were of these results, however, wabt shown by an episode which occurred in the
spring of 1946 in Plant 88 in PODLIPKI. On the occasion of a visit made by
leading military men and npinisters" (every second or third visitor was a “min-
ister"), Section Chief CHERTOK lead a group of fat-bellied visitors, bedecked
with meny decorations, through the rooms where the gyroacopes were set out,
with the exception of one room into which we Germans h:d been shoved for that
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day. Thanks ©o the volume of voice with which the explanations were made, we
were nevertheless able to hear every word and thus learned that the Soviets
had succeeded in considerably increzsing the accuracy of the gyroscopic eguip-
ment and had thereby attained a much greater targst accuracy than the Germana
had been able to achieve at PEENEWUENDE. As proci he presented the curves re-
lating to the experiments made in the ZEISS Plant in JENA in 1946,

A report compiled early in 1948 on the efiect of cardanic
flaws on the target accuracy belongs to the same sphere of problems.

During the zame period of time, the Kussian colleagues of
the gyroscope scction worked, abcve all, on the many-sided though subordinate
questions of the testing and acceptance specifications. A very detailed set
of directions for the cxecution of the tests also was compiled.

The episode reported above 1is only one example to prove that

in judging concrete figures given by the Soviets, one must always be skeptical.
In most, cases, for what scem to them practical reasons, they either exzggerate
or minimize. Into this category of reports, the follosing must be included:
In 1946, in a German newspaper, it was to be read that the Sovict constructors
had succeeded in building s new gyro-compass which, though weighing only one--
tenth as much as the standari compasses, yet had twice their accuracy. During
my stay in the Soviet Union, I spoke of thisc to variocus gyroscope experts; but
not one of them had ever heard of it.

2. Simplification of the Steering System of the A-4 Rocket.

. v

- The interest of the Soviets in the guide-~beam-steered rocket
was great, ns they hoped by this means to exceed the existing limitz of target
accuracy, which are dependent on the gyroscopic egquipment. If accurscy were
to be msde dependent on the guide-beam, then the functions of the gyroscope
could be limited tc the command control for the steering gear, and a simpler
type of gyroscopic eguipment would suffice. Ideas in this direction aroused
great interest with the Soviets. Hence one can understand the interest shown
in all work connected with the so-called "Markgraf Gyroscope", sometimes also
¢zlled "Hisch-Kreisel". After some preparatory theorétical reports (by Dr.
HOCH and me), the problem wus taken up practically also, the more so as the
Russians had succeeded in fishing two old, partly rusted Msrkgrafkreisel from
a pile of salvage. These gyroscopes were lzboriously reconditioned and then
tested in the laborutory. The results were rot very encouraging. As I remem-
ber, there was a wandering exror of about 5 /min, A certain improvement could
be achieved by the introduction of a negative, electrical tie down, as it had
been discovered that the return power exerted by the lead-in-wires on the ro-
tatable system, was responsible for part of the flaw. After some experimenting
to make = constructional change in the lead-in of the gyroscope-drive-current,
the suggestion arose to compensate the interference of the return current by a
corresponding opposing amount generated electrically in the selsyn .
which is already a regular part of the eguipment. For this purpose, a voltage
value, picked off from the potentiometer wes put on a second spool of the selsyn

and so polarized, that z negative "pull" occurred. Its magnitude could
be so adjusted by means of resistunces that the interfering positive "pull"
could be cémpensated. Nevertheless, the accuracy attained by this eguipment
remained unsatisfactory.

The Soviets, however, had pinned themselves down to such an
extent -- perbaps through overly intensive advertising of this wonder gyroscope
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in high rlaces - that work un the Harkgraf gyroscore wui continued intensively.
This time o number of Russian techniciauns also ~ere put on this work. Thus a
young, guite inteiligent gincer named 1UICIHLOY, in 1247, wrote a theoretical
treatise on the korad gyroscore for bis examination.  From 1t insight I
had in this paper, 2ite nble to s »in that it was madrly o comprehensive
"going over", of the varioua Lwcor=ti al pupers by Gerwon specialists or this
topic. HUOUILCY pass his o inuticon suce safully nr:d then vanished from
Plant 88. Hor w«:s sble te find any trace of hiw in 1. ter years. Obviously,
however, he is not iientical with the author o fo. Lw (Szction Iv).
a2r Russi - snoze neios Iodc not remembsr, have
'ur'.forke»~~ orn ti practd uwestions f the mrnulucturing rregarsztion fer individ-
of the ; EEPY] fory i C the rotor «and the sistor. The gucs-
dlanCLA 50 gained dn icancd tllu conneetblon - wnd d'roi the
fact that in sreoonder to levelop o Lol i cohanisn Tor small gyroscoped
given to Bran Yoo 1, on OSTASHKOV, A 5~u01blu te conclude that the
ufacturing of the e alrewdy husd reached a cor-
! I writien a ;ufel; vﬂLUI icnl reposrt on the b= L
jrcblem - practic verk I did not wish to attempt bac,uug of
ditions in the Brnnct - Concerete order to construct - alancing Chun_dd for
the rotor of the I 7 mgyroscope was gsiven to the Instrument Section of the
Brznch. A mechanis s type w built with inductive selsyns, asplifier
and electron ray o h ini1vator ("flektroenatran 11oszillograpnenanzeiger!
and, after being 2y W 5 o HOSCOW. ater (1950 ?), cne of the Rus-
gian colleasues from the gyroscope grour in Plant €8 came to O3STASHEOV afain
to receive instruction on the handling of the eguipment. Obviously, the Rus-
sians: vere unable to afttain any tisfactory results without help {rom the
Germans., At uany rate, one can guthor (rou the sbove thut the rotor was coplel,
In 1951 and 19592, we were sble tc take = look at some of the eruipment vhich thd
Soviets had copied. I 4id not work .itis them, but I 4id hesr that, all in all,
the gyroucopes were workin  satisfactorily. ie copled cyuipment it could
plainly be seer that the men who built i3 ho ¢ curful of = klng any con=-
structional change. Thus, the casin: frame th, in the orig 1, b
made by the injection nmolding process and therefore corrcsponiingly t“1n~
walled with Tib-stiffenins, had been minuzely buf very l-boriously copied by
meang of milling ( aetly one econstructionzl change. The selsyn
moment was sume 2N ] such @« mannsr that the spool which is located
in the magnet cuasin.g was >n o larger i ter than it had originally, but
this was not done unt11 thn Gurman cpecialists had first made the reyuired com=
putations-and experiments. In this manner, it was not possible tc mount two
spools on the spool frame vithout h.ving tc cnlarge the gap clearance of the
magnet.

, The research on the use of bhe Harkgeaf gyroascope for the
steéring of the G-1 rocket (later called R-10) had progressed sufficiently
so that the uniting of the thr i syroscepes into a tri-axial steer-
ing mechenism censtructionally d & gyroscope block. An elastic suspension
for this gyroscoye hlock wrs 20 buill w28 to be atlached diraectly to the
bottom of the lower container. To the = gregzticn ol jrcdblems in point of the
simplifying. of steerin: mochanisms must adled some werk done by PODLIPKI as
carly as 1947, in which, in ylace of a Maerk.raf gyrosccpe, an ordinary turn in-
dicator was used, whose iniicator vslue w:s to be integrated by an integration
motor and combined with the initial vsalue. A practical test or such a stesring
mechanism made on a vibration test stand built in Plant 88 showed Shat with the
equirment used a time constunt of toe great = value resulted in the indicator,
which resulted from the inertis of the integration motor. The steering mechan-
ism was built out of Germsn LGW individual parts which happened %o be on hand.
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An clectro-motor stesred by an LGW vibration rugulator served 2s a2 servo-unit.
This raesearch was not continued after 1947 and ooviously iroused 1little inter-
est with the Soviets; as thuy had meanvhile sebtlou dofinitely on the HMarkgraf
Eyroscope.

3. Gyroscuvpes sy Mensuring Instruments.

For the exccution of lassina measuremslity, the Soviets were
looking for suitable measuring sclsyns for the course les of the rocket when
it cccurred to them to use the usual gyrossopic egulpment, verticals, and hori-
zontals. Thus it vecame necessary for us, in s report issued in 1947, tc clar-
ify prodlens which arose with the use of this eguipment as measuring sel-
syns. And, most important, we estimated the :legree of =2ccuracy ich coulil be
expecied, Similar examinztions were alse curried on by the measuring group of
the steering mechanism section in Factory &8. There Dr. STOLPE had written a
rezport on the use of the Siemenz directional gyrc, Type KLu4 as a measuring
selsyn, and had based his work muinly on an article printed by the firm on
o this acparstus. In 1949 and 1930, several orders to¢ munufucture ¢ juipment

for the measuring of retational specds were submitted to the me-:suring

of Eranch No. 1 in OSTASHKOV. In nccord with these orders, Serman LGW turn in-
dicators were remodeled ms, during cur Tirst yeusrs in this loeslity, many of
them were still available from the captured ¢, uipment. Later, however, these
mechanisms became very rure, as many had been taken apart «s time went by to re
move the potentiometers for use im other messuring egjuipment. In order to make
the reyuired rotational speed meunsuring ranges atteinabvle, the turn inlicutors
were in part eguipped with other springs B down the frame. These LGV turn
indicators, which cre in duter structure comp ely analogous to the Markgraf
gyroscope, and which use the same rotor, wore slso copied later by the Russians
0ddly, this apparatus was copied with cemplebte disr 4 of another LCW turn
indicator, which had besn developed further, although a sample of it was at
hand.

4. QOther Gyroscopic Eguipment.

In the.summer of 1948, I was given an order to de-
sign a2 gyroscgpe horizon which would bs capable of a high degree of accuracy -
I believe 0.2" - independent of any kind of accelerations. On my pointing out
that this assignment could not be fulfilled ir so general a form, I finally,
after much writing back and forth, (significantly, these preliminary questions
were nol discussed verbally, but were settled in writing only between PODLIPKI
and OSTASHKOV), I was sent an accelorstion time graph on wkich to brnse my re-
search. Then I discovered that this grsph had simply been taken frcem an earlier
German report by SANGER-BREDT, in which, in a somewhat Utopian manner, rocket
paths round about the carth hzd been murked. (NOEE: The wvell-known manned
rocket bomber proposal by Dr. E. SHNGER, in which STALIN isi%0 have shown con-
sidersble interest in 1946).

In point of the ressarch done upon this order, it wes neces~
sary, first of ull, to try Lo make clear tc the people who gave the order, that
the principle of acceleration-free sdjustment (the so-called 84-ninute princi-
ple), the use of which obviously had seemed so promising, was no longer valid
for aircraft with considerable vertical asceleratonz. The adjustment require-
ment then becomes a function of the vertical accslerations. The rosearch then
was limited to the drafting of various possitle designs, among which were in-
cluled the suggestions of Dr. GLITSCEER (formerly Siemens Bquipment and Ma-
ohines). GLITSCHER had shown that an ccceleration free udjustment also could
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be attained, if one were to introduce an additional spin ("Zusatzdrall") to
the left ("Backbotd"), whose amplitude would depend on the flying speed. For
the suggested equipment, a general error theory was outlined and for the con-
crete example of the SANGER-BREDT path the course of the indicator flaw was
numeriéally computed as a time function. Thereby it was made manifest that
the required accuracy for this type of extreme case can never be guaranteed.

When the reports madc on this assignment were completed, they
were sent to the main plant in MOSCOW; they were never referred to again. Not
sven once did a discussion of these problems take place and the persons who
gave the assignments limited themselves ~ when it was - unavoidable - to sending
brief directives by lettsr to OSTASHKOV. The director of the steering mechan-
ism section, CHERTOK, in Plant 88, functioned as the representative of the
persons with whom the assignments originated.

In conseyuence of research done by Dr. QUESSEL on the SCHMET-
TERLING rocket, I was assigned, in 1949, to outline an error theory on the
SCHMETTERLING gyroscope. In this connection, a relatively short report evolved
in which general questions (cardan errors, tumbling errors; support errors)
were examined. In this case, the assignment was given by an engineer named
LEYENIN from Plant 88 at PODLIPKI, who once attended a discussion at OSTASHKOV.

When, in the fall of 1952, nev assignments were given to the
few remaining members of the OSTASHKOV group, I was assigned to design and
build a directional gyro whose weight was not to exceed 5 kg and which was to
have an accuracy of 2 /hour. This assignment, again from CHERTOK's Section,
was in charge of an engineer named YURATZLY, who, during the course of this re-
search, often came to OSTASHKOV and occupied himself with the problem inten-
sively. In the course of the discussions which took place during this project,
the requirements were made more workable to this extent, that a weight of up
to 7 kg was permitted (the equipment, when it was built, was even a little
heavier) and that the accuracy requirement was formulated with greatcr pre-
cisign. In the course of an hour, the lead angle was not to excesd the value
of 2, but the lead speed could amount up to 3 /hour. The required maximum
working altitude was 14 km (45,920 £t), a value which ocourred again in the
equipment ordered at the same time (angle of attack and angle of sideslip mea~
suring equipment, statoscope). '

. The basic conceptions on the design of which a model also was
built consisted of: (1) the use of a gyroscopic rotor of symmetrical cross-
section; (2) introluction of a low friction oscillatory bearing for the cardan
axis; (3) the use of centralized sets of contacts ("Zentralkontaktsaetze) for
current transmissions from the casing to the cardan frame and also from the
cardan frame to the gyroscope casing; (4) the use of a relay system which, de-
spite the use of centralized oontacts, guaranteed complete freedom of rotation
of the equipment around the directional axis. In other respects, the construc-
tion showed the characteristics usual to directional gyros. Two German gyro-
scopes of Type KA 7 were used as rotors - as rotors of Soviet make were not at
hand, i.e., could not be made available. In order to achieve symmetry, the
German rotors were placed opposite each other with the ends of their axes touch
ing and were then joined by a coupling. In experiments, this coupling worked
very satisfactorily even when the drive of one gyroscope was shut .off.

By means of a pneumatic support of the gyroscope system, the
axis of the double gyroscope was always made to precess back into the vertical
which is perpendicular to the horizontal of the cardan ring. 1In order to have
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an adequate blow moment svailable for support, the casing of the gyroscope was
milled out so that the blown air could travel in a manner favorable in point of]
air flow technique. On the cardan ring, opposite the air opening, shutters
were mounted waich, in normal position, left the openings exactly half open or
half closed.

A Ferrari motor with a "Topfanker" (pot-shaped armature?) of
thin sheet aluminum served as selsyn moment for the compensation of the ourth
rotation. A potentiometer which was to be calibrated directly for geographic
latitude regulated the feeding of the motor. In sddition, four field coils
for the operation of the oscillatory bezrings ("Schwinglager") were attached
tc the cardan frame. In the first design, the oscillatory bearings consisted
of two each ball bearimgs placed one behind the other. Doth bearings were
joined by a case which had a lever with two pole shoes at its end. These role
shoes moved directly before the U-iron cores of the field coils, through which
2 "meandering"” type of current of about 10 Hz (Hertz) was sent. Hereby it
proved necessary to adjust the spools very curefully, in order to attain the
greateat possible symmetry of the oscillations of the levers. In cases of un-
symnetrical osoillations, the compensation of the frictional force is incomplet

In order to pick off the course deviations, a system of two
potentiometers was used, which had to be tuken out of A-4 gyroscopic equipment.
In addition to the electrical pieckoff, the course deviation was also shown vis-
ually, as the rotations of the cardan frame with the compass rose attached coul
be read from the displacements opposite the adjustable "Sollwertrose" (rated
value compass rose). The rated value adjustment could be accomplished manually
or by a motor.

Other imdividual parts of the equipment are: a relay motor
with mechanisms for shutting off in the end positions, s "MHandererzeuger",
and a slip ring set ("Schleifringsatz) for the relay system.

The model equipment was nearly completed by November 1953,
There was no possibility to test it in its entirety as the special ball bear-
ings for the oscillatory bearings, among several other things, had not been
delivered. Only individual groupings of the equipment were tested -- the rotor
system with the coupling, the pneumatic support mechanism, the oscillatory besr-
ings, (with temporary ball bearings), and the selsyn moment.

Toward the end of the research on this directional gyTro, a
report was made, a few days before the Germans were itransported out of OSTASH-
EQV, which included directions for the building of the equipment and also for
its testing.

In comparison with the rather detailed research which had
been- done on horizons and verticals, relatively 1ittls work has been done on
the integration gyroscore, which is also used in the A-4 rocket. It is pos-
sible that, at that time already, other methods of the shutting off $echnigue
had been decided upon. In Plant 88, an engineer named SHASHKIN had worked
on the I-gyroscope for a while; however, insofar as anything is known about
it; he never went beyond testing and describing it. Observations of the
("Sohaltfrequenzen" (switch frequencies) of the erection motor resulted,in 1948,
in my doing some theoretic research on this topic, just before I was sent to
OSTASEKOV. On my advice, some experiments were done on the vibration table
at that time, but nothing is known of their results.
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Later integration gyroscopes were also used in the so~-called
"Bahnmodelle". This equipment was a remodeled form of the Siemens directional
gyro, Type Lku4. It contained the original rotor (Type KA5), as well as var-
ious individual parts of the cardanic bearings and the cquipment was completed
by the mounting of .2 Ferrari-type selsyn.

The stabilized platform ("Stabipla"), which sas developed by
the KREISEL CmbH, BERLIH, for PEENEMUENDE, was given no attention whatever in
PODLIPKI. Obviously, it was not within the province of Plant 66. One of
these platforms which had been laboriously put into operation in BLEICHERODE
was, indeed, brought to PODLIPKI, but it rusted there in a storeroom. It is
to be assumed that no other plant was interested in the "Stabipla". Had it
been so, the equipment probably would hzave been transported there.

5. General Gyroscopic Problems.

In general, only digscussions on simple gyroscopic problems
were carried on with the Russian engincers who were working in the gyroscopic
group at Plant 88. These co-workers were chiefly so-called "young" engineers,
who had completed their studies in part and now werc due for a few ye.irs of
practical work. Almost without exception, they first had to be broken into
gyroscopic problems. Further, it must be said that neither these “young" en-
gineers nor the few "old" engineers belonged by any means to the elite of Kus-
sian gyroscope spscialists. They knew the technical literature too little to
be able to carry on productive conversations with us. Hainly, their interest
always veered back to the meore practical guestions of construction and testing.

There was seldom any opportunity to talk with good Russian
gyroscopic specialists. Once a scientisti - whose name I did no%t understand -
came to Plant 88 from a Moscow institute. It turned out that he had read
earlier publications of mine, and that he knew these treatises very well. Ve
discussed the problem of support for gyroscope horizons. Obviously, work had
been done in this field in the Soviet Union. During the days of the experi-
mental shooting in KAPUSTIN, there were repeated opportunities to apeak with
Herr K'JZII'ETRJ‘, the leading By1roscope upéoux,\..l‘uh, and also with some of his oo~
workers. The conversations with Herr KUZNET®Y naturally almost always centéred
in the problem of intensifying the accuracy of horizons and verticals, in order
to raise the target accuracy of the rocket. Occasionally, however, Herr KUZ-

7N also reported on difficulties experienced in the Soviet Union in the man-
ufacture of gyroscopes. At such times, he made no effort to conceal that, in
point of gyroscope building, the Russians had not yet gathared the experience .
which, for instance, existed in Cermany toward the end of the war, They had
.ingd__g_g,ni____§,§ needed experience by copying certain equipment with pains-
teking exactness (for instance, the ANSCHUETZ gyroscopic OOEPJBS)

Interesting, also, were the discussions in KAPUSTIK held with
one of the co-workers of XUZNETSTY, whose name I do not remember. He was an
older engineer, who obviously had worked intensively on the problems of gyro-
~scope manufacture for a long time, Among other things, he had worked on the
quedtion of low friction bearings for gyroscopes, and he asked for my opinion
of a German gublicution on magnetic suspensions. Obviously, at that time,
(end of 1947}, the Russians had not yet gathered experience of their own with
" this type of bearing. I recall, also, that the question of the best type of

rotor and the question c? waves, elastic or rigid, were discussed at that time.

In later years, I never saw Herr KUZNE7$(Y or his oco-worker

agaln,
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In the spring of 1948, I hed shown gyioscops instructional
equipment to Herr OTRESHKU , then in charge of the gyroscope group in Plant
88, for the purpose of explaining some gyroscopic effects. He reguested that
I demonstrate this euuipment before s lurger group of the Russian co~workers
at Plant 88, alsq which I did in two lectures which were interpreted by a
womasn interpreter. After that the interest in this piece of instructional
equipment mounted to such sn extent, that Herr OTRESEKU was able to persuade
the Russian chiefs of the plsnt to copy the model. The measurements of the
egquipment actually were taken by a Russian woman engineer, but it never came
to my knowledge, whether the model aver was copled. A% the time, I had do-
nated to the plant library a copy of the instruction book belonging to the e-
guipment, an easily comprehensible introduction into the Iield of gyroscope
theory. This book, however, was borrowed by the cngineer KARDASH , who vas
most intensively interested in this piece of instruction cquipment, and who
disregarded all requests to return it. It was said that the book wus to be
translated into Russian, but of this, also, I never heard anything further.

B. Soviet Gyroscope Eguipment.

The only gyroscopic ecquipment of unequivocal Soviet origin which
I had in my hands during my stay in the Soviet Union was, in 1947, an acrial
horizon and an aero directional gyro, and again in 1951 a copy of the German
LG¥W turn indicator.

The first pileces of eguipment were put at our disposal because;
during the early part of our stay, we had expressed the wish to be able to
compare Soviet constructed equipment with the well-known foreign constructions.
In the case of the horizon, we noted no appreciable change as compared to the
Sperry construction. Externally, however, the impression was of greater bulk
and clumsiness, The same is true of the directional gyro. I recall distinctly,
however, that in one point it also deviated appreciably from the other well-
known constructions. The gyroscopic system around the inner cardan axis was
not supported perpendicular to the plane of the outer cardan frame, but per-
pendicular to the "Scheinlotrichtung (imaginary vertieal reference line). For
this purpose a pneumatic support mechanism, which was analogous to the support
mechanism of the Sperry horizon, had been mcunted at the side of the rotor
casing which, in the main, also corresponded to that of the Sperry horizon.

The air-jet of the gyroscope thus was blown out through two slits (the Sperry
gyro has 4 slits), and was steered by two small pendula corresponding always
to the position of the "Scheinlot" (imaginary Vertical plane).

No experiments were made with these two pieces of equipment, as af
that time PODLIPKI was not equipped to put pneumatic gyroscopes into operation.

C. Individual Parts of Gyrosccpic Equipment.

Regarding important individual parta, we only learned, in 1953,
of the existence of special double ball bearings for the manufacture of low
friction oscillsting cardan bearings. In designing the previously-liscussed
directional gyro, which was to have an exceptional degree of accuracy, it was
at first planned to mount the oscillatory bearings by setting two normal ball
bearings, one behind the other. In order to obtain the precision bemrings with’
especially marrow tolerances, which are necessary for these bearings, a permit
waa required from a ball beuring consultation office located in a ball bearing
plant in MOSCOW. V¥hen an engineer named KISELOV , who was in charge of the fon-
struction scction of the OSTASHKOV Branch, took these construction drewings to

NOTE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE ACT. 50 U.S. C —
31 AND 32, AS AMENDED. (TS TRANSMISSION OR THE REVELATION OF ITS-CONTENTS NY MANNER TO AN UNAUTHORIZED PERSON 1S PROH!BITED BY LAW.
IT MAY NOT BE REPRODUCED IN WHOLE OR IN PART, BY OTHER THAN UNITED STATLS AIR FORCE AGENCIES, EXCEPT BY PERMISSION OF THE DIRECTOR OF
INTELLIGENCE, USAF. ! . . X
~

S

(CLASSIFICATION) 16—355570-1 U. S GOVERNMINT PRINTING OFFICE

Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0



Approved for Release 2010/10/25 DP81-01043R00040014000:

.

. SECRET Attach
AF FORM 112—PART 1l T (CLASSIFICATION) ment A

AIR INTELLIGENCE INFORMATION REPORT

PAGE 2 7 OF 5 8 PAGES

this place in MOSCOW to order these bearings, he was told, after the drarings
had been examined, that hs should have the construction changed, as a new dou-
ble ball bearing especially for use in gyroscopic eguipment had just been de-
veloped., I% had not yet been included in the norms but would be available soon
Wie were given the data on the bearings (as far as I recall the inner dismeter
was 6 mm) as the basis of the constructicn changes. The bearings consisted of
three concentric cylinder rings with beveled tracks, between which two crowns
of balls moved in ball housings. The middle ring of the be:uring had on one sid
4 borings 9C  apart, with M-l thread to fasten the actual oscillatory mechanism

- We saw no constructed ball beurings of this type.

In 1953, when preparstions were being made to test the planned
directional gyro, we were issued another part for gyroscopic cquipment, a copy
of the German direct current - three-phase current "transformer" (€leichstrom-
Drehstrom Umformer’) of Type GDU-180, put out by the OEMIC CO. Outwardly, the
"Unformer" was not %0 be distinguished from its German model; however, some
chenge had been made in the wiring of the plug connection. Strangely, it was
planned to entrust us with the equipment but not with the circuit diagram. Not
until we stated our regret at being unable to make any experiments under thess
conditions were we given a short, penciled outline of the wiring. After being
in operation for some time, the "Umformer® (continucus current transfcrmer)
proved itself to be usable: only the adjuster control which belonged to it did
not prove ve:y constant. This was due to the poor yuality of the selenium rec-
tifier which had been used, a fact which previcusly had given rise to serious
interference in the installing of Russian selenium reotifiers into magnet sm-
plifiers.

In the preliminary work for the construction of the directional
gyro in the fall of 1952, it was repeatedly stressed that a suitable rotor with
a symmetrical cross-section would have to be obtained. This question was de-
bated back and forth between the Rusasian installations at PODLIPKI and OSTASH-
KOV several tiles with the result that, after a long time, the answer finslly
came that in the Soviet Union there were no gyroscore rotors of this type.

A further bottleneck which made. itself acutely felt was the lack
of suitable potentiometers, such as were usual for the pickoff of measuring
values in gyroscopic eguipment. In OSTASHKOV, thess were also used for other
sensitive measuring instruments (accelerometers, extensometers, pressure gauges
etc.). Although the manufacture of measuring equipment was often demanded by
Russian offices with increasing urgency, it wes nevertheless impossible to ob-
tain the so urgently needed potentiometers, so that there is reason to assume
that in the Soviet Union they either did not exist at all, or only in very in-
adequate numbers. Thus, in the Branch, it became necessary again and again to
fall back on salvaging instruments out of captured German eguipment which, at
the beginning, was at hand in unlimited quantities.

D. An Estimate of the General Situstion in the Field of Theory and Use
of the Gyroscope.

Any summarizing of the publications made or of the results gained
by personal experience can only be attempted with the most careful restraint.
Setting apart the subjective character of any estimate in this field, one must
be very careful to avoid generalizations and hasty Judgment. It must be kept
in mind that, in the Soviet Union, the situation in all fields differs so greatd
ly and is so manifold that observers located in different places and at dif-
ferent times can srrive at totally different conclusions. I, myself have becomd
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very careful due to the tremendcus discrepancy which existed between the partly|
excellent scientific publications on the one hand, and, on the average, the
shockingly low degree of knowledge and ability of the specialists with whom

we came in contact; on the other hand. Certainly I would recoamend similar
caution to anyone who undertakes to sxpress judgment on Soviet conditions.

This preliminary comment seemed necessary to me, as a critical
estimate of the situation and of Soviet capabilities in the field of gyroscope
theory and technique is now to be attempted. .

The Sovist Union has a large number of excellent specialistis in
the field of genersl gyroscope theory. The Russian tradition in this field
which hes existed for about 70 years has scareely ever been broken and has been,
turthered in the last decade with considerable intensity. One has the impres-
sion that, in research of this kind, all practical guestions are intentionally
avoided, so that the purely analytical character of the research should not be
disturbed. Sometimes, however, only the Jjoy in formal mathematics seems to
have been the mainspring, because an astonishingly sparse content will be found
hiding behind a glittering mathematical front. The worship of theory, which
is an important factor in the universal communist viewpoint anyhow, offers a
welcome, fertile soil for such manifestations of degeneracy.

Although the Soviet Union also can look back upon a certain a-
mount of tradition in point of applied gyroscope theory, yet one has the im-
pression that this branch is still very young. The founders of applied gyro-
soope thecry, KRYLOV, NIKOLAY and BULGAKOV, who meanvhile have died, have ob-
viously no successor who can match their ability. Perhaps ROYTENBERG, a pupil
of BULGAKOV, who is now a professor at the Mosco® University, could be called
the leading figure of the day in thie field. In addition, however, there does
exist s series of good scientists who merely have not been very active as yet
in this particular field. Among these I would like to count METELITSIN and
TKA CHEV, KOSLOV¥, who works in the “JUKOVSKI Air Academy must be named here
too, snd perhaps KOSHLYAKOV, who works in the Institute for Precision Mechan-
isms and Optical Instruments at LENINGRAD. SHIPANOY, on the other hand, can
be by-passed as being of lesser signifisamcs. His voluminous book has marked
him too much as a man of large 7 ¢ but of little performance. The data
on hand are insufficient to make possible an estimmte of the other gyroscepe
specialists whose names have become known, FRIEDLAERDER and ISAKOWICH.” (voth
in NOSCOW). TIKAMENEY (pupil of BULGAKOY), LEVERTAL, DANILIN and KHOKHLOV.
A certain special position is held by OKUNEV ‘'who, however, seems to have been
working exclusively on the application of gyroscope manifestations on flying’
projectiles.

Only a few papers exist on which an estimation of the development
and construction of gyroscopes could be based. Although the books of PAVLGCY
and SOLOW&EY show that a certain activity was going on in this field, yet we
must not forget that, above all, both books owe their existence to the fact
that many papers by other scientists, predominantly foreign ones, were col-
lected first. In this point, a leading role seems to have been played by
KUZKETSOY who was in charge (or the chief engineer) of = MOSCOW institute,
which has been active in this field for decades and which previocusly had been
working on marine gyroscopes (gyro-compasses and stabilizing gyroscopes for
ahips‘. The:t he was among the leading personalities is corroborated by the
fact that he was a member of a receiving commission which, in the years 1938~
1940 came to Germany to get the gyroscopic equipment which had been constructed
there for the Soviet Union. i
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It gee to me that two things hinder the development of the
construction of gyroscopic equipment in the Soviet Union: (1) lack of prac-
ticsl experience, and (2) the inability cf the Russian enginecrs to grasp the
nesning of "developuent'. %o compensute for the lack ot practical experience
is a slow process, but I have the i ion that moeny offorts are being de
in this direction. Consit ing the ma voung specialists put to work in this
field, and in the Soviet Union there are & great many of them, it will not be
surprising if, after » few more yearsa, a sufiicient number of trained personnel
shall be available. It will probably be more <4ifricult to change the :ttitude
of the Russian engineers toward the tasks to which they are ascigned. Juring
my stay in the Soviet Union, I 1 ned to know only the "ccok book" typs of
enginecr, i.e., engineers who sclve their problems with the help of a nunber of
reference books, which contain a formuls for any case which may srise. Fur-
ther, the conviction is predominant that any sguipment which has been diasrammed
on paper simply must ifuncition immed 1y withsut the slijhiest difficulty, ~nd

may be constructed in guantity The conception of
scems to be unkn to the Russi in f
ven have an euguit t } d.  The

ten used tc designate by no means the same thing.

It is due to the "cook book attitude" of the Russian engineer that
very machine builder zxerts himself to adhere to pu @3 15 LO§5ie
le, and to aveid any greater basic changes of construction. This is under-
tandable since, for many years nothing w ione other than to ccpy existing
quipment as faithfully zs possible. For this activity, the Russian language
has a word of its own "Reskonsiruk , which c¢an be only imperfectly trans-
lated becsuse this conception just 1s not used, at least not in occidental
countries. There is no shortage of mechanics in the Soviet Union, the more so
as this particular professional branch enjoys special esteem in popular opin-
ion., By f.r the greater number of mechanics, however, are trained to do more
or less coarse locksmith's work. In the course of my sctivity in the Soviet
Union, I did, to my astonishment, encounter a few excellent precision mechanics.
These were young pecple who, alfter proper guldance, nccomplished differsnt tasks
with the greatest patience and devotion; thus, for i the winding of the

d
e

spools for the selsyn of the Maskgral ¢

or of the cardan bearings. Of course, Tor this purpose

to be protected from something which, in Russian workshops, is a
course -- the constrnt, hiracsing driving by the foreman that z
time dgchedule be foliowed nt 211 costs. If this was

the mechanics aroused, theh they rendered vcrfect

Comment has nli un gyroscope specialists
who h.ve become known % gl publicutiorns. I am now adding ly o few
characteristics of the gyroucop: cialists with whom I became personally ac-
guainted during wy stay in the 3Sovi Union. In general, I may say thest not
one of thesc men firat class pgpacialis In nost cases, their level lay
considerably below what, in Germany, wass considered to be avarage. The most
intelligent of these nman were HOUHULO., a young engineer who ote his exam-
inatien treatise in Plamt ©6 in PODLIPKTI on the Harkgraf gyroscope, and YURAITIL,
who was in charge of a group in NIT 8& in 1 32/53, and, in thils capacity watcned
over the assignments which were sent to OSTASHKOV.

Concerninz OTRESHKY, who was in charge of the gyroscope group in
NII 83, I can only suzy, that he was a fair, courteous and not unpleasant offi-
cial, but that he was markedly empty of any ideas in the field of gyroscope

technique. He occupied himsell predominantly with directions fTor and dirgctives
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regarding the testing of gyroscopes. OBShortly before the Germans were trans-
ferred to QSTASIKOV, he was relieved by o womn engineer, but remained with
the group as a co-worker. The names of the other Russian co-workers in the
gyroscope group I no longer romember, nor would any special capabilities or
characteristics of theirs be worth mentioning. Usually they were young engi-
neers who were only temporarily assigned to the gyrescope group.

During 1947/48, the group for integration gyroscopes was in charge
of a person named  JHATHKIL, - of 1ittle ability but great industry and am-
bition. For as lonyg wu hne. hin, he occupied himself only with the least im-
portant matiters : 4 1 3/ ion gyroscope.

Ancther »eorgen <ho was inte: P oin gyroscoyp was & nan named

KARDASH , a co-work in the sorve-uait sroup inm PODLIPKI, 1%47/4&. Alshough
he was obviously superior in intelligence Lo the two above named group leaders,
he never had a place of any s "ieance in the Plant.

An enginecer named LEYENIN
Plant 883, which vas headed by a Merrs HASUK g secti vorked ot the "re-
construction'” of the unti-uircrai't rockel i [ r engjneer LE/ENIN
had a quiet, reserved manner, but hc wus n g in efficient. His ability,
howevar, was probably adequatce for the ;o ¢ { to £il1ll, for he only needed
to describe eguipment which ready in existonce -~ among cthers the SCHMET-
TERLIwL gyroscope -- and to put it in motion.

with an efiicient, older co~-
worker from Flunt 6. is e ' Although he 2id not work di-
rectly with gyroscopic eyt i s obvious that he was well informed
in this field. He waog i arge of several @J.ignmentu on varlous types of
vibration tables which, at this time, were belng executed in OSTASIKOV. Obv-
viously, these vibration tnbles were aluso planned for the testing of gyroscopic

. AN i 3 mentioned as one of those gyroscope
specinliats aho aii not be o to Plant 68. In BLEICHERODE, in 1946, I fur-
ther became acgusinted v engineer named FROLOY, who vorked very inten-
gively on details of the cons tru tion of the A-4 gyroscope -~ for instance,

the selsyn and potentiometer pickoffs. FROLOV suddenly agpe red in Plant 88,
in the year 1947, arnd asked me, in the presence of some other Russians, vwhether
I would not like to go with him to LENINGRAD. There I would again be abllc to
work on torpedo gyroscopes. I never heard of him again.
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60. V. A. PAYLOVY: 'Aeromautical Gyroscopic Equipment"‘. State Pub~
lishers for the Defense Industry, Hoscow; 1954.

61. D. A. BRASLAYSEIY, 5. S. LOGUNOY, D. S. PALPOR. "Computation and
Construction of Aeronauvticsl Eouipment". State Publishers for the Defense In=-
dustry, Moscow, 1954. )

Q‘Z_. ¥. G. CHETAYEY, "On the Stability of the Rotations of a Rigid
Gyroscops About a Fixed Point in the Case of Lalrange". Periodical: Prik-~
ladnays Matematika i Mekhenika. Vol. 18, 1954. Pgs. 123-124.

i

_61. V. V¢, RUKANTSEV, "On the Stability of the Rotations of a Heavy,
Rigid Gyroscope About a Fixed Point in the Case of S. Y, KOVALEWSKAYA® Per-
iodical: Prikladnaya Matematika i Mekhanika. Vol. 18, 1954. Pga. 457-458.

64. A, W. RUMyAN&&V, “The Motion Equations of = Rigid Gyroscope
Which HaS Cavities on the Inside, Partly Filled With Liquid". Periodical:
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PrikladnaSa Matematika i ifclpanike. Vol 18, 1954. Pgs. 719-728.

gé: Ve Vo RUMYANTSEW  "On the Motion Fquations of a Rigid Gyroscope
with Liquid-Filled Cavities". Periodical: Prikladnsya Matematiks i Hel:hanikad
Vol. 19. 1955. Pgs. 3-12. '

66. P. . YHARLAMCY. "An Integrable . Case of the lMotion Equations
of a Heavy, Rigid Cyroscope in a Lijuid". Periocdical: Prikladnaja Matematika

i Mevhanika. Vol. 13, 1555. Pgs. 251-233.

éz. V. %e RUMYANS =% "On the Stability of the Propeller Hotion of
a Rigid Body in Linquid Unier Conditions According to 3. A. CHAPLYGIN". Per-
iodical: Prikladnu?a Matemabtika i Mephanike. Vol 19. 1555. Pgs. 229-230.

P. . ©HARLAMO.. "An Intepruble Case of Hotion Lguations of a
Heavy, Ripgid Body in 2 Liguidl Pericdicals Prikladnays Motematika in Me-
khanika. Vol. XIX. 1555. Pgs. 251-233.

Tying in with research done by 5. A. CHAPLYGIK, a new case is
brought forward, in which the motion eyuations for a rigid body in an infin- ’
itely expanded, ideal, incompressible liguid are integrable . This is a
case in which the center of gravity of the rigid body does not coincide with
the center of gravity of the mass of liquid it displaces. Further, there is
here a generalization of the well known case of LaGrange, for which a certain
advance motion is nox admitted. The author succeeds in finding the solution
for nutation angles and precession angles in the form of elliptical integrals.
For a further simplified special case for this solution, the author examines
the stability of the motions found by determining a LIAPUNQY Function. The
solution for the definity of this function then renders the reguired stability
conditions.

V. V. RUMYANTSEK, "On the Stability of the Propeller HMotion of a
Rigid Body in Liguid Under Conditions_Acaording to S. A. CHAPLYGIN"., Per-
iodical: Prikladnaya Matematika i Mekhanika. Vol. XIX, 1955. Pgs. 229-230.

CHAPLY¥GIN has set up the equations for the general motion of
a rigid body in an dinfinitely expanded, ideal, incompreasible liguid, and has
shown that, in special cases, four integrals of these equations can be given
and the problem thereby led back to a quadratic, RUMYANTSEVnow states a spe-
cial solution for the CHAPLYGIN eguations, which correspond to the cass of

a constant propeller motion (screw motion) of a body in liguid. The stability
of this propeller type motion may now be determined by examining the interfer-
ence motion. After the pattern of CHETAYEV, the author creates a LIAPUNON
Function out of three particular integrals, from which the stability require-
menis may then be determined by means of the known "Forderungen nach Definit-
heit". In special csses of non-progressive motion, these go over into the
known stability requirements for the case examined by S. V. KOVALEWSKIY

G. V. . GHIPANOY. "Gyroscopic Fguipment for Blind Flying. Theory,
Computation and Construction Kethods". State Publishers for the Defense In-

dustry. Hoscow-Leningrad. 1938. 423 pages. Edition 6,000,

According to the foreword by the author, this book may be re-
garded as an immediete continuation of and supplement to the book, "Theory,
Comput-tion and Construction Methods of Avi g 3eRAM
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ABSTRACTS OF SOVIET ARTICLES AND BOOKS ON GYROSCOPES

V. V. Rumyantsev: "The Equations of Motion of a Rggid Body Containing
Hollow Spaces Partially Filled With Liquid", Prikladnaya Matemetike 1
Mekhanika, Vol 18 (1954), pp 719-728.

‘Zhukovskty treated the same subject for the case of hollow spaces
completely filled with an homogeneous incompressible 1iquid. The author
expands the earlier investigations by including the caese of hollow spaces
only partially filled with an homogeneous, incompressible, and frictionless
1iquid, which means that there is also a free surface of the liquid. In
the derivation of the equations of motion, based on the Hamilton principle,
the following are assumed:

1) The body is rigid.

2) A constant pressure prevails in the areas of the hollow spaces

which are not filled with the liquid.

3) The components of motion of the body and of the liquid normal to

the boundary surface of the hollow space arekequal.

Liquid and body are considered a single mechanical system. The pressure
forces transmitted between the 1liquid and the body at the boundary surfaces
are therefore internasl forces and ére not included in the equations of
motion. In all there are four equations. The first equation expresses the
theorem of momentum for the forwerd motion; the second expresses the
theorem of momentum for the rotation; the third equation is a Euler equation
of motion for the liquid transformed to the co-involved solid system cof
coordinates; the fourth equation is the continuity condition for the liquid.
Generally speaking, the equation system is extremely complicated. It is
considerably simplified, however, in a few special cases, for example,

vwhen the hollow spaces within the body are completely filled with liquid,

or when the body has e fixed axis of rotation, or when certain conditions

of aymmetry sre satisfied for the body or the hollow spaces within it.

-1 -
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Under certain conditions some first integrals of the equations cf
motion can slso be given: an energy integral, insofar as forces effecting
the system have a force function, and an impulse integral, insofar as the
forces around one of the axes produce no moment. For the case of a
symmetrical gyroscope with symmetrical hollow spaces within it, for which
the forces produce no moment around the figure axis, the fact that the
rotation velocity of the system s.roﬁnd the figure axis is constant can be

computed as asn additional integral.

V. V. Rumyantsev: "On the Stability of the Rotations of a Heavy Solid Body
Around a Fixed Point in the S. V. Kovalevekaya Case", Prikladnaya

Matemstika i Mekhanika, Vol 18 (1954), pp 457-458.

In connection with a completely analogous investigation by Chetayev
for the case of a Lagrange gyroscope, the author investigates the stability
of the rotations for the case of the Kovalevskaya gyroscope in which the
center of gravity lies on an equatorial axis. Following the example of
Chetayev, he forms a Liapunov function out of the partial integrals of the
equations of perturbed motions and arrives st the desired stability
condition because of the demand for definity. This necessery and sufficient

condition combines the moment of gravity of the gyroscope with the moment

of inertis around the axis of the figure. The motions in eespect to both

the rotation components snd the cosine of direction of the axis of the

figure are stable if the condition 1is satisfied.

N. G. Chetayev: "Concerning the Stability of the Rotations of a Solid Body

Around a Fixed Point in the Lagrange Case", Prikladnaya Matematike 1

Mekhanika, Vol 18 (1954), pp 123-124

The conditions of stability for the Legrange case are derived for the
most part from the Euler gyroscope equations. The author attempts to derive
this condition of stability according'to the so-called direct method of

Liapunov. For this purpose he sets up equations of the perturbed motion
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in respect to “he three components of rotation, vwhich ere fixed in respect

" to a body, and the three cosines of direction of the axis of the figure,
from which four integrals can be given. A Liapunov function can be constructed
from these integrals. Out of the demand for the definition of this function
the known stability condition can be found, which requires for the
momentum component of the gyroscope around the axis of the figure a minimum
value depending on the moment of gravity and the equatorial moment of

inertia.

V. N. Koshlyakov: "Concerning Certain Special Cases of the Integration
of the Dynamic Euler Equations Connected With the Motion of a Gyroscope

in a Medium With Resistance", Prikladnaya Matematike i Mekhanika, Vol 18

(1953), pp 137-148.
When a gyroscope moves in a medium with resistance,corresponding forces
are exerted on it. If these forces have certain mathematical relationships,

the sppropriate Euler equations can be integrated. To the alresdy known

cases of this type (caleule%ted by Krutkov and Bulgakov) the author adds a

new one. He first treats a slightly asymmetrical gyroscope for which the
external moments around the main axes of insértia are proportional to the
corresponding components of momentum. The calculation #n thi‘s case is only
possible thru an expansion in a power series, in which the assumed smell
relative asymmetry of the gyroscope is used as a parameter of expansion.

The calculation is cerried thru in this case as far as the first approximation.
The result is that the influence of this asymmetry of the gyroscope is
insignificant as long as the asymmetry is actually small.

If the gyroscope is symmetrical, and if the external moments are
similarly disposed, a strict solution of the equations can be given with
the aid of the Bessel function. Theoretically, the solution can als0 be
given for the case where the external moment is additionally dependent on

the time.
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The cese,in vhich the moment sround the axis of the figure is sssumed
to be proportional to the square of the rotation velocity,has a practical
significence, since this case occurs wh€n the gyroscope is moving in air.
The equations of motion can then be solved in an elementary way only for
definite values of the coefficients entering into the equations. Even
with a successful solution of the dynamic Euler equations, in all cases

investigated thus far there remains the difficulty of computing the

Euler angle out of the Kinematic Euler equations.

In the last part of the article the author returns to a problem treated
by him before in regard to the theory of the artificial horizc;n and brings
up the question of the errors in indication which can arise with a change
of the rate of spin of the gyroscope. He is especially interested here
in the case where the power which drives the gyro is suddenly cut off and
the gyro runs down. If in such a case an exponential drop in the rate
of a spin is assumed, a solution cen be found with Bessel functions of the
zero order. In the case of a hyperbolic drop, on the other hend,
cylindrical functions are obtained. In both cases the result of the drop

4in the rate of spin is a damped motion.

L. I. Tkachev: "Concerning the 8h-Minute Period in Systems with Fixed

end Free Gyroscopes", Prikladnays Matematika i Mekhenika, Vol 18 (1949),

pp 217-218.

The suthor shows that the Sh-minute period is not exclusively a
characteristic of systems in which the gyroscope is pendulous, although
until now only such cases have been treatﬁain the literature.

If en artificial horizon is produced in such a wey that the gyroscopic
couple of e fixed gyroscope is measured and combined with the‘values of
tvo accelerometers in a computer, it can be showmn that this system also
hes a period of 84 mimutes, if the synchronization is unaccelerated.

The ssme can be shown for a system which has a free gyroscope lnste
of a fixed gyroscope. The free gyroscope serves actually only as & basis

for the two instruments which measure the acceleration components. - The

-h-
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gyroscope in this case has a fii:ed direction in space independent. of the
earth's rotation. ' The horizon indication is a purely mathematical value
produced from the integrating device. In this case too, with sporadic
perturbations of the indication of the horizon, a period of Si-minutes
is obtained.

This article, which is only two pages long, has a purely theoretical

significance. : No suggestions are given for any practical applications.

G. A. Slomyanskiy: "On the Integration of the Equations of Motion of a

Symmetrical Astatic Gyroscope", Prikladnaya Matematika i Mekhenika, Vol 18
(1953), pp b11-k22.

The author integrates the equations of motion of a symmetrical,
astatic, Cardan mounted gyroscope with the use of a reference system which
is rigid in:space and conforms to the Cardan suspension. He neglects the
mass Of the Cardan suspension. Although a few first integrals for the
general -- not linearized -- problem can be given, the complete solution
is sttempted only for three special cases.

A strict solution with the help of elementary functions is possible
in the case of the force-free gyroscope. The results obtained cannot be
expanded to larger ranges of tilting of the inner Cardan ring, since the
influence of the mass of the suspension neglected in thé calculation would
then become considerable. The "clinch-position" of the
gyrogcope, which occurs when the inner ring is rotated 90° ; does not appear
in these calculations as a singular point.

In the case of a constant external moment around the inner Cardan axis
the strict solutions can be given only in integral form. A better
approximate golution is obtained when the angle of nutation changes only
sligotly. Iu this wa:‘;r generally valid formulas for the general reguler

precession are obtained, which can still be further simplified for the

case of the fast spinning gyroscope.
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Finelly the solution of the equations of motion is given for the case

where a moment around the inner axis depends on the angle of rotation
around this sxis. In this case also only a first integration is possible,

80 that the general solution can odly be given in integral foim.

P. A. Kuz'min: "An Addition to the Steklov Case of the Motion of a

Heavy Gyroscope Around a Fixed Point", Prikladnays Matematika i Mekhanika,

Vol 16 (1952), pp 243-245.
The case treated by Steklov in 1899, whereby the motion of an asymmetrical

gyroscope, in which the gravity point lies on a main axis of inertia,

is considered. By means of a special extension for the gravity moment
entering into the Eulegr equations of motion, a special solution is found
for which the three components of the gyroscope rotation can be expressed

by the Jacobi elliptical functions.

V. N. Koshlyakov: "Concerning the Error of the Gyroscopic Horizon in
Connection With A Variable Self-Motivated Spin of the Gyroscope Roter",

Ingenieur-Rundscheu, Vol 6 (1950), pp 185-196.

In the first part of the article the linearized eqguations for the
small deflections of the gyroscope are derived, both for a fixed instrument
and for the case of an arbitrary horizontal motion of the supporting frame.
In the second part the differential equations for the special case
are investigated, in which a respid but small change of the spin, and
therefore also of the gyroscopic effect, takes place. The calculation is
done by two Volterra integral equations of the second order, which are
solved by iteration. Expansions in a power series are carried out according
to the assumed small change in momentum, and the higher series elements
are neglected. The numerical evaluation of the calculations shows that

the indicating accuracy of the iﬁstrument is practically uninfluenced by
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emall changes of the rate of spin. Even with a 5% change in the rate of

spin, the errors are still smaller thaa 10 minutes of arc.

In the third part the influence of periodically successive changes
in the rate of spin is investigated. The investigations here likewise
show that under normal conditions there is no appreciable effect on the
accuracy of the instrument. In certain practically unimportant areas
resonance phenomena can be produced, such as are known to occur in systems

with periodic coefficients.

V. V. Rumyantsev: "On tke Equations of Motion of a Solid Body With Hallow

Spaces Containing Liquid", Prikladnaye Matematika i Mekhanika, Vol 19

(1955), pp 3-12.

In connection with articles by Poincaire and Chetayev the euthor scts
up the equations of motion for a gyroscope containing arbitrarily formed
internal cavities which are completely or partially filled with s
homogeneous, incompressible, and frictionlesé liquid.

The equations are given in three different forms:

1) a form used by Poincare, but expsnded to include arbitrarily formed
hollow spaces in a system of coordinates which is fixed in respect to

a body;

an expanded form of the Lagrange equations of motion in a reference

system rigid in space;

a caenonical form used by Chetayev, vhich can be considered an expansion

of the Hamilton equations.

Both conservative and non-conservative forces are considered in the
derivetion. Solutions or formulastions of solutions for the equations of

motion are not given.
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N. N. Bautin: "The Behavior of Dynamic Systems in the Vicinity of the

Stability Boundaries, monograph in the series “"Modern Problems of Mechanics”,

State Publishing House for Technical and Theoretical Literature, Moscow-
Leningrad (1949)

In this monogreph the author shows how in nonlinear systems the
guestion of danger or lack of danger of the stability boundary, produced
by a linear treatment of the same system, can be solved. He "ﬁ’ﬁ his
procedure on earlier investigations of Lispounov and shows that the question

of the danger or lack of danger can be defided by the sign of a "Liapounov

function".

+
Among his several examples ere 9&‘% gyroscope problems: a gyro-

stabilized single track railroad and a ship stabilized for pitch and roll
by gyroscopes. In both cases the gyroscope is used as a stabilizer which
produces stabilizing moments directly. The difference between the two
systems lies in the fact that the containment of gravity in the gyroscope
system for the single-track railroad is negat‘ive (center of gratity above
the point of suspension), whereas in the case of the ship’s gyroscope it is
positive (center of gravity below the point of suspension).

In both cases the results of the investigations are plotted without
dimensions. With the single-track railroad there aré two critical velues
for the size of the viscous damping around the axis of the frame for every
value of the gyroscopic moment. Below the smaller value and above the
larger value the system is unstable. The investigation shows, with the
help of the Liapounov function, that exceeding the upper boundary is not
dangerous, but merely leads to vibrations of limited amplitude; exceeding
the lower boundary is dengerous, however, since there is an increase of the
amplitudes, and the system changes to another state of equilibrium.

In the case of the ship's gyroscope the lower critical boundary value
for the frame-damping drops out, so that the portion of the stability

upper value
of the_ boundary is exceeded, oscillations will build up, but the extent to
vwhich they can build up depends on the degree to which.the boundary is

exceeded. If the boundary is exceeded only slightly, only very slight
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vibrations will be produced. A return to within the boundary will bring
an end to the vibrations. The system is reversible, but excezding the

boundary at dengerous portions leads to nonreversible conditiors.

A. F. Khokhlov: "On the Use of a Gyroscope-Magnet as a Course Indicator",

Avtomatike i Telemekhanika, Vol 8 (1947), No b4, pp 285-206.

Here the interesting attempt is msde to combine the two traditional
methods of course indication, gyroscopic and magnetic. In contrast to the
well-known combinations of this type, wherein the magnetic needle is used
only as a control for the correction moment, there is in this case a fixed
connection between gyroscope and masgnet. The magnetic north-south direction
coincides with the rotational axis of the rotor.

For such a device the author sets up a linearized theory for which
at the outset a quite special condition must be satisfied. This condition
combines the gyroscopic moment and the maximum magnetic moment with the
values for the rotational velocity of the earth, the geographical latitude,
and the magnetic inclination. The fulfillment of this condition provides
a simple calculation of the system of differential equations, but it would
require, for practical application, such an enormous gyroscopic moment,
that the oscilleting system, because of the magnetic containment , would
have a period of 12 hours et the equator, which would increase to 24 hours
at 60° latitude. In view of the great difficulties involved ¥ith the
much shorter Schuler period of 8i minutes, it is obvious that the investigation
here has only theoretifal value. There are no suggestions for a practical
application of this gyroscopic device.

One advantage of the fulfillment of the sbove condition is the fact
that the position of equilibrium of the gyroscope axis is horizontal and

forms the mid point between the meridian and the magnetic north-south

direction, when the condition 90 z /«’ (i.e., geographic latitude = magnetic

inciination) is fulfilled.
_9-
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When the stated conditions are satisfied, the directional force of
the instrument is twice as great as that of a standard gyrocompass; the
course errors are therefore only half as large under otherwise sgimilar
conditions.

Since the gyroscope of the instrument is supposed to be astetically
mounted, it receives its directional force solely from the moment of the
magnet connection to it. The instrument considered by the author therefore
carries out undsmped oscillations around its position of egquilibrium.

For the damping of these oscillations the same meens are employed which
have been tested for damping the oscillations of a gyrocompass ‘during
adjustment. The author does not go into further detail on this subject.
It is to be expected, however, that the extremely high oscillation periods

will produce new difficulties in regard to the damping.

B, V. Bulgakov: "The Compounding of Errors in Gyroscopic Apparatus",

Ingenieur-Archiv, Vol 11 (1940), pp k6L-Lk69.

In the study of errors in the gyroscopes of moving vehicles or aircraft

consideration is usualyy limited to certain typicai forms of motion, such
as the uniformly accelerated straight-line motion or & circular motion
with constant velocity. Even though the results obtained in such cases
are sufficient to judge the applicability of a device, there is always the
danger that certain combinations of forms of motions will lead to a
compcunding of errors. In this regard the author attempts to find for a given
gyroscope those motions which will produce a maximum error, and to
calculate this error. He is successful in doing ‘this for a gyroscopic
compass .

The well-known linearized equations of motion for & gyrocompsass
(Anschuetz-compase) are solved with the ald of operstors, whereby the
earth's rotation and curvature are taken iﬁto consideration. The azimuth

deflection, produced in addition to the course error by the accelerations
- 10 -

—&%

Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0



of the ship, is obtained in the form of en integral into which the
correspon;iing time functions of the ship's meneuvers are entered. For the most
common case, where the period of a ship's maneuver is small comparéd %o

the period of natural oscillation of the compass, the integral caﬁ be
substituted by a simpler erd more easily evaluated expression.

From the discussion of the error formula it is clear that the ship's
maneuver which produces the largest theoreticsl error is an alternate
rapid changing of course from north to south and vice versa. Thezerrgr
produced in such a case is the sum of a convergent series. For ectual
maneuvers, where the change of course would be much slower, much smaller
errors are to be expected.

The calculations are considerably simplified when the Schuler 8h-
minute condition is maintained. The resultant error is then caused
solely by the damping of the gyrocompass. Aé a result of the Schuler
coniition, the error is equal to zero for an undamped gyroscope.

In a practical example with actual figures, already worked out by
Geckeler, the maximum error is computed and found to be in good agreement

with the strict value obtained by Geckeler.

A. A. Kragovskiy: "Concerning an Oscillatory Method of Linearizing

Certain Nonlinear Systems.", Avtomatika i Telemekhanika, Vol 9, No 1, [}.,.,w 29

A theory is developed expressly for the vibration mounting of
gyroscopic devicee, whereby the author bases his work on the general
theorems derived by Bogolyubov, which state that the behavior of certain
nonlinear systems in which there are forces of comparatively high frequency
can be approximated under certain conditions by the behavior of a linear
system whose characteristic curees have been obtained from the original
system by a process of interpolation.

The method is illustrated by two examples (simple oscillator with
Coulomb friction and a hydraulic servo-motor with a Servo-piston) . The

author alsogiVess the resulis of experiments in which %the change of a

friction force was measured by superimposed oscillations as a function of
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the amplitude of these oscillations. Unfortunately, the text does not

tell how these experiments weee carried out.

B. V. Bulgakov and S. S. Tikhmenev: "Theory of the Sperry Gyroscopic

Hodizon With Pendulum-Air Blast CorrectionY, News of the Moscow State

University, Vol 7 (1937), pp 181-199

The authors present a linearized theory of the Sperry horizon £or
the Bollowing momenss:

1) moment of air-blast support,

2) moments of friction around the two Cardan axes,

3) disturbing moments of gravity in the case of such great path

deviations that the control pendula are deflected.

THeessolution of the linearized equations is accordingly carried out
in four different zones:

1) very small course changes within which the correction moment is
smaller than the friction moment;

2) the range adjacent to 1) up to a complete opening of the control
8lit by the pendula;

3) - the range in which the pendula release the control slits
completely, but do not reach maximum deflection;

4) large course deviations after maximum deflection of the pe-ndula.

The solution to range 4) is not carried out, but simply stated
qualitatively.

The second part of the article treats disturbing influences such as
the changes of indication resulting from the earth's rotation and speed
of the aircraft. In the case of the latter, only the longitudinal
accelerations are investigated in éetail, whereby a table of possible

)

maximum horizon errors is given for the case of constant longitudinal

acceleration and a given maximum flight velocity. The case of curved

flight is mentioned only briefly. _ ..
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The numerical evaluation was carried cut for an original Sperry

instrument.

L N. Sretenskiy: "The Mction of the Goryachev-Chaplygin Gyroscope.”

(dedicated to the memory of S. A. Chaplygin), News of the Academy of Sciences

of the USSR, Department of Technical Sciences, No 1 (1953), pp 109-119.

Goryachev investigated the motions of a gyroscope whose main moment
of inertia satisfied the condition A = B = 4C and whose center of gravity
lies in the equatorial plane of the inertia ellipsoid. Chsplygin produced
a generalized integration of the Goryachev case with the use of ultra-
elliptical integrals. The Goryachev-Chaplygin results are now treated
in detail for a specialized case in which a gyroscope has received a large
iditial moment around a main axis of inertia which passes thru the center
of gravity. The motions are then analogous to the so-called pseudo-regular
precession in the case of the Iagra.nge gyroscope.

The expressions in the Chaplygin integrals are developed in series 3
wherein the higher members can be neglected because of the assumption of
a large initlal moment. The most important result of the investigations
is the fact that the gyroscopic axis, about which the moment takes place )
oscillates with a decreasing and then increasing amplitude (vibration) .
The oscillation frequency is thus proportional, and the vibration frequency
inversely proportional, to the initial natural rotation of the gyroscope.

The natural rotation itself chenges in time with the vibrations.

G. 0. Fridlender: "On the Precession of a Gyroscope Under the Effect of

an External Moment”, Ingenieur-Rundschau, Vol 12 (1952), pp 229-233.

Since investigations on the effect of external moments on a gyroscope

generally are limited to the behavior of the gyroscopic axis, i.e., one

of the three main axes of inertia, the author investigates the motion of the
-13 - .
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instantaneous axis of rotation and the likewise instantaneous axis of
momentum. He limits himself to hhe case of the rapid moving gyroscope which
is supported at its center of gravity.
Under the effect of any external moment acting upon the gyroscope,
the well-known motions of the gyroscopic axis on a point-, loof; or
wave-cycloid are produced, according to the chosen initial conditions.
The author gives for these cases the correspcending motions of the
instanteneous vector of rotation and vector of momentum. The drawings
given for these cases do not appear to be very reliable, since, for example,
one point cycloid is obviously erroneous.
The author mentions the interpretation of Klein and Sommerfeld for
the case of the pseudoregular precession, which, similar to the case of
Poinsot, describes the motions of the gyroscope by the rolling of a sphere
which is fixed in respect to a body on a sphere which is rigid in space.
From these considerations it may be concluded that the moment dﬁe
to the friction of the air acting on an erratic free gyroscope causes the
gyroscopic axis to rise upward, just as the moment of friction of the

C

point on th¥ base.

Ya. N. Roytenberg: "Self Oscillations of Gyroscope Stabilizers?,

Prikladnays Matematika i Mekhanika, Vol 11 (1947), pp 271-280

Here the behavior of a gyroscope stabilizer is investigated, in which
a Cardan-suspended gyroscope during precessions around the inner Cardan
axes activates a potentiometer which, via an amplifier, turns a
stabilizing motor.. The motor provides a moment around the external Cardan

axis; this moment imparts to the stabilized system Joined with the external

Cardan axis a certain insensibility toward external perturbation moments.
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The author investigates the case where the potentiometer has a

black-white characteristic of the form S sign ﬁ , whereby ﬂ is the

angle of rotation of the gyroscopic system around the inner Cardsn axis.

The calculation itself is carried out linearly by area, and the individual
solutions then are bunched at the transition point. By entering the

condition of periodicity a periodic solution of the system can be found,

for which the stability is determined by investigating a system of differential
equations.

From en example worked ocut with actual figures Ly the author, it is
evident that the investigations concerned rather large objects, such as
are used in the navy , for from the given data it is evident that the
stabilized system has a weight of between % ton and 1 ton, and the
gyroscope itself might weight about 20 kilograms. The stabilizer motor
has a rated current of 6 amperes and produces a stabilized moment of

0.45 kilogram.

I. I. Metalitsyn: "On the Question of Gyroscope StabilizationY, Doklady
Akedemii Nauk SSSR, Vol 86 (1952), Ne 1, pp 31-3k.

In the investigation of stability according to the Kurwitz method,
the influence of individual types of forces on the stability cannot be
overlooked. The author thus separates his linear system in such a way that
the various forces (inertial forces, dissipative forces, gyroscopic
forces, conservative forces, and intrinsically nonconservative forces)
are entered independently in the stability equation. In this way, he
obtains six general rules , which can be of great advantage in the projecting

of dynamic systems.
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When a conservative system is statically unstable, it can not be
stabilized by the addition of intrinsically nonconservative
forces (without dissipative and gyroscopic).

Wren a conservative system is statically stable, the adding of
intrinsically nonconservative forces can make the system unstable.
An intrinsically nonconservative system can be stabilized only
if gyroscopic and dissipative forces are added simultaneously

to the effective forces.

A statically unstable system can be stabilized, if dissipative,
gyroscopic, and intrinsically nonconservstive forces are added
simultaneously to the effective forces.

If the condition of stability is satisfeéed, and if the gyroscopic
forces are superior to the other forces, the oscillation
frequencies of the system separate, that is, the one becomes
relatively large, the other reiatively small.,

If the stability condition is satisfied, and the gyroscopic
forees are superior, the oscillation with the larger frequency
will be more strongly damped than the csecillation with the

smail frequency.

D. G. Topel'bert: Electronavigational Instruments. State Publishing

House for Water Transport, Moscow-Leningrad (1950)1 428 pages, 3000 copies,

prices 17.60 rubles. —

This book, written by a captain in the navy, serves as a text at
the advanced training schools of the navy. The greater part of the book
(276 pages) is devoted to £he gyroscopic instruments used in navigation,
chiefly the gyrocompass. The two other secticms deal with the Echolot

(fathometer) and log.
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The introduction to the gyroscope theory in the first chapter is
quite extensive, in view of the purpose of the book. The theoretical
considerations are based chiefly on "technical" gyroscope equations. The
equations of approximation used are those usually employed in the
consideration of "small oscillations". They are not derived directly here,
but obtained indirectly by means of a linearization of the generalized
Euler equations. The mass of the Cardan rings is neglected, and it is
assumed that the vector of rotation deviates only slightly from the
pronounced main axis of inertia. The precession and the effect of brief
disturbances are then investigated on the basis of these simplified
equations. For later investigations an expansion of the equations of

approximation for rotating systems of reference is necessary.

In the following three chapters (2 to 5) a rather detailed theory

of the first approximation is presented for a gyrocompass demped by an
eccentrically suspended pendulum and for a gyrocompass with dgmping tanks.
Then the behavior of the gyrocompass on a moving ship is treated, and
the theory of the course error and the acceleration error is’developed.
The condition (Schuler) for an acceleration-free period-ad justment
(84-minute principle) is also derived. The question of counteracting the
ballistic deviation of the first type leads to the necessity of adjusting
the undemped instrument to a natural oscillation period of 84 minutes.
The question of counteracting the ballistic deviation of the second type
leads to the necessity of either using an undamped instrument, or of
cutting off the damping during maneuvering (changes of course and speed).

The quedrantal error of the gyrocompass is also investigated, and
methods of correcting it are shown. These observations are, however,
more qualitative than quantitative.

Eggentially, the theory developed in the book is based on that of

the well-known text on gyroscopes by Krylov and Krutkov (1932).

- 17 -
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All the values which can be used to Jjudge the operation of a gyrocompass
are compiled in a table, and methods are indicated vhere*y the individual

values can be determined by leboratory tests. T.e degree of accuracy

required in these cases is + 0.1° for laboratory work and ’t 0.2° to

9.3° for work on an anchored ship.

Chepter 6 presents an elementary theory of tke artificial horizom,
but only insofar as the horizon is maintanied by means of a gravity
moment. This theory suffices for the Fleurieis gyroscopic sextant
described in the book.

There is 2180 a brief discussion of a gyroscopic device with which
the geographical latitude ¢ can be measured. The operating principle
is based on the fact that the indications of both the gyrocompass and
the artificial horizon are functions of the geographical latitude y .
If the exact heading and the emact horizon are knownA from another source,
the geographical latitude can be determined fron; the difference. It
is emphasized, however, that such instruments are not yet sufficiently
accurate for use in navigation.

In Chapter 7 the designs of two gyrocompasses are given in great
detail. The first one described is a single-gyroscope compass,
presumably built in the USSR. 1Its rotar has a diameter of 25 centimeters
and weights about 23 kilogrems, and is thus much heavier than the single-
gyroscope compasses of ather countries. The gyroscope system 1is
guspended in a very interesting manner by means of wires, and is
provided with’ guide bearings and a vertical control system, which
compensates any return moments resulting from the twisting of the
suspension wires. Damping tanks of the usual type are used. The course
error is eliminated by a special "corrector", which used the speed and

geographical latitude as initial data.

- 18 -
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The second gyrocompags is the two-gyros%ope "gpherical compass" of
Anschuetz end Company (the firm is not mentioned, however). The three-
gyroscope compass ie not mentioned.

The following chapters deal with the installation of the gyroccmpass
an bo@“@d ship, testing the installed compass, and evaluating the obtained
data. The discussions embrace all the instruments comnected directly
or indirectly with the gyrocompass, such as repeaters, current-supply

equipment, course recorders, flight recorders, and autopilots.

Ya. L. Ceronimus: Survey of the Works of the Classicists of Russian

Mechanics, State Publishing House for Technical and Theoretical Literature,

Moscow (1952), 519 pages, 5000 copies, price 22.75 rubles.

This book is a valuable contribution for two reasons. First, it
givés a brief but clear survey of many works which would be difficadt to
compile and review individually; secondly, the work based on the classics
in Russian mechanics is foliowed down to very recent times (about 1950),
thus an extensive and valuable bibliography is supplied.

In the chapter on S. V. Kovalevskiy, in addition to a discussion of
the "Kova.levskiy' case" (a special case of the heavy symmetrical
the other classical cases are discussed, in which an integration of the
equations of motion for the ordinary gyroscope vas possible. There sre
also brief discussions of the works of Euler-Poinsot, Lagrange, Appelrot,
Bobylev-Stekiov, Hess, Goryachev-Chaplygin, and of the investigations
made by %ukovskivaith a gyroscope in a li_quid. Especially interesting
in this éase is the analogy between the curvatures of an upright wire
with an elliptical ‘cross secticn subjected to a ferce and a moment at

the free end and the motions of the usual asymmetrical gyroscope.
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In the chapter on Steklov the work on the gyroscope turning in a
liquid is discussed, and a corresponding survey of later works on this
theme is given. These purely analytical-mechanical investigations have
not been continued in recent times; nor are there any known practical
applications of this theory.

The chapter on Kn’lov gives only a brief description of the work

which is presented in grest detail in the book by Kn’lov and Krutkov.

Ya. V. Linnik and V. S. Novoselov: "Random Disturbances of the Regular

Precession of a Gyroscope", Prikladnays Matematike 1 Mekhanika, Vol 18

(1953), pp 361-368.

Over half of this article is devoted to purely mathematical
investigations on the probability distrivution of the solutionssofza
system of differential equations. These investigatdons are finally
applied to the case of the regular precession of a synmetrical gyroscope,
whose moments of inertia and gravity are subject to certain random
changes. A Gauss distribution is sssumed for these chaunges.

. Formulas are given with which the density of probability for the
deviations of the gyroscope motions from the regular precession can be

computed from the corresponding matrices of corrélation.

V. V. Golubev: lLectures on the Integration of the Equations of Motion

for the Rotation of a Rigid Body Around & Fixed Point, State Publishing

House for Technical and Theoretical Literature, Moscow (1953), 287 peges,

8000 copies, price 6.15 rubles.
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This book represents an expension of lectures delivered at the
University of Moscow. It is called by the author a continuation of the
book on the analytical theory of differential equations (published in 1950)
and concerns the application of the methods of the theory of‘analytical
functions and the analytical theory of differential eq_‘ua.tions to the
classic problem of the rotation of a rigid bedy around a fixed point.

The suthor states that his special task is the application of modern
analytical methods to practical cases. In thie connection he quotes
Chekhov, who once said, "If a pistol is dravn in the first act of a

play, it should be fired by at least the third ect.” The suthor draws
up some heavy artd}lery, such as the theory of elliptical, byperellipticai,
and ultraellipticel functions, Abel integrals, and Riemannian spaces,

and lets go with a loud noise. The book deals much more with mathematics
than with physics; at many places methematical problems are treated wihfch
have nothing at all to do with the gyroscope. In many instances it is
evident that the author's preference for mathematical analysis does not
necessarily represent the shortest path toward a solution of the problem
at hand.

To a certain degree the book is a tribute to S. V. Kovalevskiy,
since references to the work of Kovalevskiy both in the introductory
bhistorical survey and in the text itself are ancrdinately frequent.

In the final chapter the author even cites and discusses portions
of correspondence with Kovalevskiy. The basic idea, with which Kovalevskiy
obtained the classical results, 1s developed in detail by the author
and presented in the light of modern analytical methods. This idea is
that in the solutions of the equations of motion the time can be

considered a couplex value, and thus the theory of functions can be

drawn upon for the solution of the problem.

.21 -
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In comparison with the deta.ileﬁ treatment of the Kovalevskiy case,
tke well-known other cases, in which the basic .equations oftbhe gyroscope
can be integrated, are treated ohly brtefly. These czses are:

1) Euler - Poinsot

2) Lagrange - Poisson

3) Hess - Appelrot

k) Goryachev - Chaplygin

5) Bobylev - Steklov.

In sll these cases special assumptions are made concerning the form
of hke inertia ellipsoid or the position of the center of gravity,
or both, to the extent that a fourth integral can be added to the well-
known three integrals of the equations of motion, and the solution traced
back to a quadrature. Under such conditions, elliptical integrals appear
agaein and again, and the reversal of them leads to the solutions.
More than 50 pages of the book are devoted to these reversals of elliptical
intggrals.

On the whole, the bock can be considere& a presentation of the
clagsical integrable cases for the motion of a gyroscope in the 1iéht of

modern methods of mathematics. -

V. A. Pavlov: Principles of Design of Gyroscopic Instruments, State

Publiahmg House for the Defense Industry, Moscow (1946), 6000 copies,
223 pages, 16 rubles

This textbook cf the Institute of the Aircraft Industry is intended
for designers who are concerned with the development of gyroscopic devices.
The author, therefore, presents a compilation and summary of the many
methods which have been developed for the design of small and light
gyroscopic devices, in order to save many designers the trouble of solving

partial problems which have already been solved in principle.
- 22 -
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After a short historical introduction, the first five chapters deal
with a broad but not always clear introduction to the general gyroscope
theory. For instance, on psges 33 to 35 there is a superfiuous and
much too involved derivation of the general theorem of the conservation
of areas. :The theory is developed to such an extent that the equations
of approximation, which apply for small deviations in the gyroscopie
axis and which are sufficient generally for the calculation of gyroscopic
phenomena and gyroscopic instruments, are derived. No special theory
for gyroscopic instruments is given, but in the later chapters there is
an explanation of the methods by which certain individual parts of
gyroscopic instruments can be calculated.

Chapter 6 presents a general survey cf the various uses of the
gyroscope, without going into great detail. Only foreign designs are
discussed. The gyrocompass, the first gyroscopic device to be put to
practical use, is mentioned only briefly, since the book is written not
for the navy but for the air force. The most varied designs of directional
g8yros are discussed in great detail. Along with the discussions o£’ such
tyres as Anschuetz, Obry, Sperry and Brown, there are also descriptions
and partial data given on instruments msde by Ach, Hartmann and Braun,
and the gyroscopic control inétﬁmeat ior guns made‘by KGrupp. The basic
behavior of these instruments, especially the deflection caused by the
earth's rotation, is discussed. The single-track-railroad gyroscope of
Shilovskiy is the only gyroscopic stabilizer mentioned. Of special
interest are the desfriptions of two test gyroscopes, both referred to as
"accelerographs", but which do not actually measure accelerations. The
oné is a free gyroscope with three degrees of freedom, wvhich is used to
recordithe angle of rotation; the other is simply a turn indicator
(gyroscope vith two degrees of freedom and spring mount), with which the

turning speed can be measured. )
-23 -
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The following chapter deals with the subject of methods of powering

the gyroscope, and the advantages and disadvantages of the various methods
(pneumatic drive with Venturi tube or pump, electric drive with direct

or alternating current) are compared. The author comes to bke

conclusion that the use of three-phase alternating current is best,
because of greater accuracy, constant gpeed, more rapid attainmant of
full speed, and the fact that no heating is necessary.

Special importance is then ascribed to the "choice of the principal
scheme" of the gyroscopic devices. Using a directional gyro with a rated
accuracy.as an example, the author shows how data on tha physical
properties of the rotor and ball bearings can be applied to obtain a
minimum value for the momentum, at which the required accuracy ban be
meintained. An attempt is made to summarize the various designs 61’ the
past decades as a basis for predicting the trends and needs for the
future. Only foreign designs are again mentioned here in respect to
actual practical examples.

The remaining chapters are devoted to the individual parts of
gyroscopic instruments. In the discussion of the rotors the influence
of air- and bearing friction is considered, and a detailed analysis of
the various cross-section forms and dimensidns is worked out. Although
the designs mentioned here are again exclusively foreign, there are figures
given in various tables and charts for unidentified gyroscopes, which
may possibly be of Russian design. Two of these gyroscopes are small and
relatively ligbt (71k4 and 788 grams), whereas the other three are 124
and 136 millimeters in diameter and weight from 2.9 to 3.3 kilograms.

The problem of material for the rotor and the calculation of the strength

and critical speed of the rotcr shaft are investigated.

- 24 -
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The ninth chapter, the largest in the book, deals with the problem
of bearings for the rotor and the Cardan rings. Detailed calcitlations
of ball bearings and pivot bearings are given, and data is compiled on
the friction, tolerances (axial and radial) and strength of all iypes of
ball bearings. A &&ble for Russian ball bearings is also given. The
problem ofbearing size, which is difficult because of the lack of
knowledge of the expected stresses of the individual a¥es, is facilitated
by the compilation of emperical data (table on page 137).

In the discussion of the Cardan suspension attention is paid chiefly
to the problem of reducing the friction by means of pivot bearings. A
great number of designs are discussed, most of which are foreign. The
effects of bearing friction and tolerances, which are extremely important
in a Cardan suspension, are treated in the t§xt and in diagrams and tables.

Chapter 10 contains a discussion of the most varied types of correctiocn
devices which are necessary either for compensating the effect of the
Earth's rotation on the gyroscope or for maintaining a given direction
with the aid of a magnetic needle or a pendulum. The difference between

the indicators which determine the deviations from the desired position

and the members which provide the correction moments is emphasized.

The various types of correction-moment producers and their advantages
and disadvantages are discussed, and their characteristic curves are
presented in diagrams.

The last two chapters treat the power supply equipment and the
controlling gear. This is a very well organized compilation of otherwise
widely scattered information on the friction of sliding-, brush-, and
roller contacts and the contact resistances of the various types of power
supply. Presumably the data represents the results of Russian investigations,

most of which were carried out on foreign equipment.

-25 -
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In the discussions of controlling gear one unidentified design stands
out as especially primitive and is possibly a Soviet model. All the
other items of controlling gear mentioned are the well-known instruments
of Sperry, Siemens, Anschuetz, and Obry. The calculatvion of the stresses
which controlling gear must assume is also important.

The book presents a systemmatic compilation of data which is of
great value to the designer. Even though the desgriptions of Soviet
instruments or parts of instruments are infrequent, they do point to the

basic trends in Soviet gyroscope development.

Bandbook for the Designer of Precision Instruments (Spravochnik

Konstruktora Tochnykh Priborov), I. Ya. Levin.Editbr , State Publishing

House for the Defense Industry, Moscow (1953), 616 pages, price 23 rubles.

This extensive handbook contains a great deal of important details
for the designing of gyroscopic devices. Especially important are the
nearly 100 pages of data on the varlous types of Soviet ball bearings,
which include not only the usual norms but c@plete imformation on the
friction and tolerances of special bearings of the type used in

gyroscopic instruments.

A. I. Nekrasov: A Course in Theoretical Mechanics, State Publishing

House for Technical and Theoretical Literature , Moscow-Leningrad (1945-
1946), 2 volumes, 355 pages and 456 pages, price 9.50 rubles and 14.50 -

rubles.
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Only a very small part of this textbook for the higher technical
schools and universities contains information on the gyroscope theory.
Kinematics is treated only briefly in the first volume. The second
volume presents a somevhat more detailed presentation of the concepts of
moment of inertia, inertia ellipsoid, energy-, and momentum ellipsoid,
but the actual gyroscope dynamics is limited to a brief treatment of
the Euler case of the force-free asymmetrical gyroscope and the Lagrange
case of the heavy symmetrical gyroscope. In the first instance, the
procedure is exclusively that of Poinsot without the use of elliptical
functions. In the second case, the solution is indicated, but not
carried out.

There is a brief account of the various uses of the gyroscope.

V. N. Okunev: The Free Motion of the Gyroscope, State Publishing House

for Technicsel and Theoretical Literature, Moscow-Leningrad {1951),
379 pages, price 1L rubles.

The book deals witk the motions of a gyroscope with three degrees
of freedom rotating around a fixed point in a coordinate system. The
investigations are carried out in an analytical form and in keeping with
the classical gyroscope%;heory. The Euler angles are used for the most
part to describe the motions of the gyroscope, but the designation
"swing angles" is also used, which offers certain advantage$ in the
investigation of small oscillations of the gyroscope.

The book treats only a part of the classical gyroscope theory,
however, but the material presented is fully treated. In his endeavor to
provide a full treatment, the author frequently includes meterial which
48 obhvianal of. releyent. The expsnsiveness of the book is due in part
to the fact if.hat the author presents each formula in its most explicit
form and frequently repéats a formula given earlier in the text instead

-27 -
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of merely referring to it. There are places in the text where groups of
formulas are given, which are quite imposing, but not necesearily distinct.

The presentation itself, however, is generally quise clesr and understandable.

In the first part of the book both the well-known connections between

the Euler angles and those of the "swing angles" and their connections
with the Euler angles are to ge found. The fact that the so-called
"regular precession" is defined kinematically only and trested fully in
the introductory chapter is unusual. Epicycloidal, pericycloidal,
hypocycloidal, and anticycloidal motions are investigated.

In the discussion of the asymmetrical gyroscope the author avoids a
presentation of the Poinsot motions and gives only the usual integration
of the Euler equations with the aid of the Jacobi eliiptical fuﬁctions.
The solutions are then simplified for certain special forms of the
inertia ellipsoid and discussed.

The greater part of the book*'deals with heavy symmgtrical gyroscopes.
The free gyroscope (center of graviﬁy above the support point} and the
pendulous gyroscope (center of gravity below the suppcrt point) are
treated separately. The 1nfluencelof friction on the motions of the
gyroscope is treated in particular detail, whereby three different cases

are distinguished:

1) The friction moment is perpendicular to the gyroscope axis and
proportional to rotation speeds of the gyroscope axis;

2) The friction moment is in the direction of the gyroscope axis
and is proportional to the intrinsic rotation velocity of the
gyroscope axis;

3) The vector of the friction moment has both an equatorial and

axisl components.
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Unfortunately, these extensive investigations cannot be =zpplied
directly to the copditions for a Cardan suspended gyroscope, since the
"gwing angles" used are not jdentical with the angles at the Cardan
Suspension. As indicated in the preface, the g.uthor is more concerned with
the application of his theory to the motions of free-flying rotating
missiles. All these investigations in which the friction is taken into
account are simplified to the extent that only small deviations of the
gyroscope axis from known motions are assumed.

The lsst part of the book contains a series of resilts and diagrams

of trajectory curves which are not to be found in other books.

L. G. Loytsyanskiy and A. I. Lur'ye: A Course in Theoretical Mechanics,

State Publishing House for Technical and Theortical Literature, Moscow-
Leningrad (1948), 2 volumes, 399 pages and 580 pages, price 13 rubles and
18 rubles. '

This extraordinarily extensive textbook on theoretical mechanics,
which is widely used in the Soviet Union, contains a seventy-page
treatment of the gyrcascope theory which incluées some applications of the
gyroscope in practical use.

In the first volume of the work kinemstics is treated in the usual

menner, except that there is an unusual amount of vectorial presentation,

which provides in many places a degree of clarity to otherwise cumbersome
formulas. Here too, the most general case of the motion of a rigid body
(comb‘ination of rotation and translation) is investigated.

After introductory discussions of centrifugal- and inertia moments and
energy and momentum on rotating rigid bodies the second volume presents
a theory of approkimation‘for gyroscope phenomena, with the aid of which
certain technical applications (Obry's gear, peutical gyrocompasses by

Schlick and Sperry, single-track railroad of Scherl, Shilovskiy and
g _ 29 - ;
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Brennan) are investigated: This theory is limited to the symmetrical
gyroscope. For the asymmetrical gyroscope only the well-known Euler
~ eguations are derived, but not integrated.

The case of the heavy symmetrical gyroscope is: considered for "smell
oscillations", and this theory is appiied to the motions of rotating
missiles. v

Much interesting end important materiel is to be fourd here on the
gyrocompass, Zyroscope single-track railroad, and the investightion of

the edge-runner mill.

S. A. Ginsburg, I. Ya. Lelgfcman, and V. S. ¥Malov: The Principles of

Automstics and Telemechanics, State Publishing House for Pover Engineering

Literature, Moscow-Leningrad (1953), 432 pages, price 9.75 rubles.

Thie is a textbook for engineers and technicians in the field of
automatics. It contains descriptions and elementary calculations of the
predominantly electrical components which are found in servo mechanisms.
Since many of these components are used in gyroscope instruments, these
descirptions have a certain importance. Some of the subjects treated
are:

Potentiometers

inductive oscillators
capac‘ttive oscillators
piezoele¢tric oscillators
relays

electromagnetic couplings
miniature motors
torque-producing elements
machine smplifiers (smplidyne)

- 30 -
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magnetic amplifiers
tube amplifiers
photoelectric amplifiers
selsyns !

magnesyns

bolometers

self balancing bridges

Data is not given for all these components, and it is not evident

from the description whether the products are of Soviet or foreign

manufacture.

A. MZ Bogdanov-cherrin: Mechenics in Aeronsutical Engineering, State

Publishing House for the Defense Industry, Moscow (1952), hhj palies,
price 11.65 rubles.

This is a textbook for aeronautical engineers, technicians and
mechanics. It presents an elementary introduction to mechanics by means
of exemples from the field of aeronsutical engineering. Since the ‘book
is intended for students with only a Soviet intermediste school education,
no differmntial calculus is included.

The astonishing thing about this book is the fact that the gyroscope,
which has such a wide application in seronautical engineering, is not
mentioned at all, with the exception of a completely elementary example
of kinematics. This fact is all the more astonishing since the gyroscope
laws and some simple applications of the gyroscope are treated in the

Soviet intermediate schools.
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G. K. Suslov: Theoretical Mechanics, State Publishing House for Technical

and Thecretical Literature, Moscow-Leningrad (1946), 655 pages, price

» 25 rubles.

This textbook on theoretical mechanics contains an astonishingly
detailed (117 pages) account of the general gyroscope theory. Much of the
material présented here is to be found only in the handbooks. Tae
desctpption is limited to purely theoretical consideratione, and no
attention is paid to prdetical applications.

In the introductory chapters the equations of motion of a rigid body
are derived in the most generally valid form (6 degrees of freedom, various
types of coordinate systems and various necessary conditione). Theése
equations are then simplified for the well-known classical specidl cases
and integrated.

Teese cases are4

1) +the Euler gyroscope (i.e., the foree-free Poinsot and

McCullagh ﬁotion) ;

2) the Lagrange gyros@ope (a heavy symmetrical gyroscope, whose

center of gravity lies on one of the main axes of inertia);

3) the spherical gyroscope (i.e., a gyroscope wk;ose three main

moments of inertia are all equal);
the Kovalevskiy-gyroscope (i.e., a symmetrical gyroscope with
quite special inertia ellipsoid and with the center of gravity in
the plane of symmetry); -
the Hess gyroscope (an asymmetrical gyroscope with quite special
location of the center of gravity and special initia.l momentum) ;
the Bobylev-Steklov gyroscope (in which bbe moment of inertia
around the main axis, on wnich the center of gravivy
is twice as great as one of the two other moments of inertia).

-32 =
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Tn the treatment of all of these caseg well-known principles or
effects are oftémigiven little known designations — a phenomenon which

is extraordinarily frequent in Soviet literature.

Non-holonomic systems are also itreated. For example, a general

o
formulation of the e.'Af:bert principle for this case is given, and a very

general case of the sphere rolling on & .space is treated, vherevy a

coordinate system rotating with. the curvatures of this space is used.
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German manuscript _

Ye. L. Nikolai: Giroskop i nekotoryye yego tekhnicheskiye

primeneniya [ The Gyroscope and Some of Tts Technical
hpplicationsl, with comprehensive introduction, State
Publishing House for Technical-Theoretical Literature,
Moscow-Leningrad, 1947, 152 pages, first edition,

15,000 copies, price 2.25 rubles.

This small book:is one of a popular scientific-technical
series which are published in the Soviet Unicn in large numbers
and in many editions. 1t contains an elementary theory of simple
gyroscopic phenomena as well as of a series of gyroscopic devices.
According to the author's preface, the book directs itself primarily
to such technician's and mechanics who do not possess special mathe-
matical or physical training, but who deal with gyroscopic devices.
For readers with some higher training, considerations are inter-
spersed in notes at various points of the text, which however are
also fully élement.ary in scope. The'attempt to explain the simplest
gyroscopic phenomena (precession and gyroscope moment of a directed
gyroscope) without use of the impuse law and without explaining the
vector concept leads partly to quite tedious and by no means clear

explanations.

In the discussion of the gyroscope, in addition to the generally
known devices (Obry's torpedo, Howell's torpedo, gyroscopic course
indicator, turn-and-bank indicator, monorail, gyrocompass, and

ficial horizon)_, a device is mentioned which is designed for use in

airplanes, and with whose aid pitch and yaw may be determined.

34
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simply involves a built-in horizon displaced by 90 degrees and

possesses a somewhat different indicating installation. Particu~

lars as to whether this device is being built in the Soviet Union

ére lacking. In the discussion of the monorail one learns that dur=-
ing the twenties the construction of an experimental line between
Leningrad and Gatschin was planned. This project, however, was
never carried out since the preliminary experiments were unsatis-

factory.

The gyrocompass, to which® the author devotes an entire
chapter, is explained very thoroughly and broadly in the Sperry
design form. The mode of operation of the two aamping methods
(eccentrically guided pendulum and antirolling tank with mercury)
is explained in detail. It is rather surprising that during the
otherwise quite detailed discussion of the various errors (course
error and acceleration error) the rolling error is not mentioned at

all, and nothing is said about the triple gyrocompasss

Ye. L. Nikolai: Teoriya gircskopov [ The Theory of Gyroscopes] .

State Publishing House for Technical-Theoretical

Literature, Moscow—Léningrad 1948, 171 pages, First

edition, 10,000 copies, Price 6 rubles.

The book provides a short, more or less elementary theory
of gyroscopic phenomena with consideration given to various applica=~
tions of the gyroscope. It presents a revised and extended version
of gyroscopic theory found iﬁ the author's textbook on theoretical
mechanics. The presentation is very broad and detailed, yet quite

comprehensible as is frequently encountered in Russian textbooks.

The following are noteworthy/in the treatment of the gyroscopic

A5

Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0



theory.

1. The use of generalized Euler equations (Section 8), . i.e.

of gyroscopic equations which are written in an arbitrary reference

system not fixed with respect to a body.  Their use:provides ad-
vantages in the treatment of many- applications of the gyroscope.

2, The use of a complex calculating method (Sections 28
and 35) for the theory of the symmetric gyroscope, which, although
not new, is not commonly used.

3. A theory of the gyroscope mounted on gimbals (Chapter V1)
in which the mass of the gimbal rings is considered. The equations
are derived, however, no solutions are investigated.

A rather detailed description and theory of the various
gyrocompass designs is presented in the trea tmenit concerning the
applications of the gyroscope, in addition to a series of smaller
examples (grinding pressure of edge-runner mills, suspension reac-
tions of unbalanced rotors, gyroscopic forces of rotating machine
components on vehicles). The problem of aamping is examined in
greater detail and an elementary derivation of the course and
acceleration error is also presented. The Schuler 84-minute
principle is briefly mentioned in this connection, hoLwever without
indication of closer details. The last chapter treats the question
of the critical rates of revolution of elastic waves taking into

account gyroscopic effects.

V. M. Shlyandin: Elementy avtomatiki i telemekhaniki

[Elements of Automation and Servomechanics), State
Publishing House of the Defense Industry, Moscow, 1952,

L35 pages, Price 11.85 rubles.

This textbook, written for the training of aircraft-

instrument engineers, contains a séries of subjects which are also

- jb—
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significant to gyroscope technology. Chapter I contains a detailed
survey of the various types of pick-ups including the methods used
for calculation (for example, resistance transmitter, inductive,
capacitive, and photoelectric pick—ups). Special problems, as for
example the construction of transmitters with specified character-

istics (sine- or cosine—characteristic) are-also treated.

A gyro-induction compass is described in Section 3,2.
According to the author's information the latest (1952) designs of
the induction-compass are included. These consist of a system of
three inductive transmitters, each displaced by 60 degrees of the
other and each respond %o the earth's magnetic field. The only
function of the gyroscope is to maintain the three transmitter
elements in a horizontal plane. It is loosely stated that the
gyroscope is used as a yaw and roll gyroscope without indicating

rinciples or constructive details. By use of the gyroscope,
pivoting of the transmitter elements around the horizontal axes is
avoided and thus the northerly turning error is almost eliminated.
The gyro-induction compass possesses a guaranteed accuracy of £ 2

degrees.

As described in Section X,3 this compass is also used as
measurement transmitter of an automatic pilot. By means of this
device the path of an alrplane may be determined by integration of
the pertinent values of course, speed, and wind-force and direction.
The pertinent location is directly indicated by means of two hands

on the map.

Ye. V. Ol'man, Ya. I. Solov'yev, V. P. Tokarev: Avtopiloty

fautomatic Pilots), State Publishing House for the
Defense Industry, Chief-Editor for Aeronautics kit
ture, Moscow, 196, 4T2 pages, First Editioﬁ, 6,000
copies, Price 30 rubles.

-
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This book contains a description of automatic pilots of all
essential systems, foreign as well as Soviet. In addition to a
presentation of the historical development, of automatic pilots, the

fundamentals of a theory of automatic control of airplanes is treated.

hccording to the author's preface the book is intended for
engineers, designers, and developers of automatic pilots and is to

serve simultaneously as a textbook for students in these ficlds.

The book treats an extraordinarily extensive subject field,
with instrument technology, undoubtedly, constituting the main theme.
In contrast, the occasionally interspersed theoretical considerations,
as for example in Chapter II, are hardly significant. The book is
essentially of a descriptive nature and enters into details in places.
The intensity of the descriptions of the indiviaual designs fre-
quently permits inferences as to how much attention has been paid
to the instruments(at least within the author's field) and what

significance is attributed to them.

By far the greatest part of the book is devoted to the descrip-
tion of the various designs. After presenting a rather consistent
historical survey in Chapter III of tﬁe predecessors of today's
automatic pilots, the next two chapters are devoted to the descrip-
tion of forei}gn designs. Finally, Chapter VI contains quite an’ex-
tensive description of Soviet automatic pilots which were developed
during the years 1932 to 1512. In connection with this it is men~-
tioned that "one of the first automatic pilots made in the Soviet
Union" is the type ABP-10. This automatic-pilot which appeared in
1934 differs from its predecessors ABP-1 and ABP-3 only in details,
which, although necessary for safe operation especially at low
temperatures, are of no significance to the principle of the instru-

ment. Three-position gyroscopes are still used for this purpose,

,%-
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which are pneumatically driven and supported and which are differ-

entiated exclusively by the nature of their supporte

The developed automatic pilot of the type STL-L which "was

constructed by the designers Selizki, Timofeyev, and Lusis,"

essentially corresponds to the well-known Sperry-pilot of 193u. The
Sperry gyrocompass in conjunction with the Askania telecompass 1is
used as course compass. The Sperry horizon is used for stabilizing
the longitudinal and transverse positicn. Since this design has
evidently not proven itself, the Sperry automatic pilot was copied
without any change as type ABP-12 and after a specific test period
was changed in some details so that the type ABP-12-D was created.
These changes concerned measures to extend the "r,anperature range up
to —SOOC as well as increasing the peak performance of these
pneunatic devices. The aevice evidently must have been used ex-
tensively in this form, for the description treats very compre-

hensively all details of installation, ground, and flight testing.

Chapter VIIL is devoted to a further development of the auto-
matic pilot ABP-12-D the type AP-L42, which stems from the designers
Semenov and Ol'man (author of the book). Nothing was changed in the
method of control, but a series of construction changes was insti-
tutede Thus in the case of the gyroscopes the arrest of the hither-
to copied Sperry gyrocompass was changed. The horizon was evidently
accepted without change. At the time the bookwas drafted this
automatic pilot evidently represented the most modern Soviet device
of this kind. ¥or this reason very comprehensive descriptions
including installation drawings, test instructions, and operating

directions, even instructions for eliminating errors, are presented.

Chapter VIIL freats the uniaxial directional controls in use
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at that time. Conspicuous here is the very intensive concern with
the automatic pilots of Askania and Siemens. This explicitness
coupled with a critique of the devices permits the conclusion that
these types were extensively tested in Soviet Russia, and that they
possibly were used as original designs for their own developments.
The Soviet automatic pilot control of type AK-1 described in this
zhapter (a design by engineer Sorokir) is nothing more than the
directional control portion from the triaxial control ABP-12, thus
from the Sperry control. In this connection it is reported that
at the beginning of the war all Soviet passenger airplanes of the

type P53-8L were equipped with automatic pilot controls.

In the last chapter of the book, descriptions of the modern
American automatic pilots "Sperry A-5." and "Minneapolis - Honeywell
C-1" are presented. Tests of these devices at the time the book
was -drafted had evidently not yet been made, since the authors. limit

themselves tc a relatively short description.

0f interest is the fact that at the ena of the book in the
tabular survey of the various automatic pilots with their most
important characteristics, foreign designs are exclusively used
despite the fact that in the book itself Soviet devices are de-

scribed in detail.

Seen from the standpoint of gyroscope technology, Chapter I

possesses another specific significance since in this section gyro-

scopic devices in general and their individual components are dis-

cusseds Here Soviet designs are also briefly described.

Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0



Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP1-01043R00400140008-0
g S =

-
)

GERMAN REVIEW OF RUSSIAN WORKS ON GYROSCOPES

B. V. Bulgakov and Ya. N. Roif;enberg, "Congerning the Theory
of Power-Assisted Artificial Horizons,” Izvestiya Alademii
nauk SSSR [News of the Academy of Seiences USSR], Depart-

ment of Technical Sciences, Vol 3, 1948, Pages 289-292.

This work, which consists of only four pages, is particularly
noteworthy because it shows the manner in which the apparatus which
was treated in detail by Roitenberg in an earlier publication - has
subsequently been developed and modified. While the original design
by Roitenberg in 1946, which provided a Cardan suspended platform
on which there were four gyroscopes, was a type in which the system
lost a certain directive force by placing the center of gravity lower
than the point of intersection, they now have switched over to making
the platform systems astatic with the gyroscopes and for this reason
having the (power> assistance actuated by small gyro pendulums which

are attached to the gyro housing.

This development indicates a distinct parallel to the develop-
ment of the artificial horizon itself. While the Anschuetz (Dr. '
Hermann Anschuetz—Kaempfe) artificial horizon still operated with a
lower center of gravity location, the later Sperry horizon: was
astatically lccated and actuated the (power) assistance by small

pendulums .«

Tt is wotrhwhile to note that this parallelism was not discovered
by the authors until quite late. Apparently, they at first thought
only of dealing with a replacement, which seemed practicable for the

apparatus, of the moment of gravitational force by pendulous controlled

# -
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moments without changing any of the principal methods of operation

of the mechanism. Only now in this publication is there a reference
£o the closely related possibility of transposing the assignment of
the gyro pendulum to the assisting motor, exactly as has long been
the case with the Sperry horizon. The findings of this work consist
in the indication that one can synchronize such a system (Likewise

a Schuler type) to a natural frequency peziod of 8L.s minutes and
that then, except for a course error, no acceleration error (ballistic

deviations) will appear.

At the conclusion of their studies the authors indicate that
it would be most practicable to unite both methods of assistance
with one another so as to attain a damping of the timing oscillationse
In this case, therefore, each of the two controlling pendulums would
have to be connected to each of the two assistance motors and the

polarity of the assistance moments selected accordingly.

Ye. L. Nikolai, Giroskop v kardanovom podvese [ The

Gyroscope in Cardanic Suspension], State Publishing

House for Technical-Theoretical Writing, Moscow, 194k

The monograph, of 83 pages, essentially contains the results

of two earlier publications of the same author__

: L= R - R The influence of various
kinds of friction on the movement possibilities of a Cardanic suspended
gyroscope is exclusively studied. Of course, the characteristic sizes

of the gimbal rings are not neglectéd as is usually the case; however,

since the author simplifies his equation of motion by linearization,

he misses the interesting and, for the technical application of

Cardanic suspended gyracompass, .the extraordinarily important effect

of the azimuthal variations of the gyro axis under the influence of

42~
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the nubation oscillations. If for this reason the monograph must be
regarded as obsolete, several partial results still claim considerable

interest.

In the first section the equations of motion for a Cardanic
suspended gyroscope are arranged in a perfectly common form —- but
then, for the case of the "quick gyroscope," they are simplified by
the elimination of all nonlinear units. The linear equations thus’
obtained are then integrated one after another for the following

cases;:

1. Cardanic suspension without friction and damping but for
various sloped positions (because of the nonlinear units not being °

used in this case, the results are completely invalid).

2. Damping moments proportional to the rate of revolution

around the gyro axise.

3. Impedance of one of the gimbal rings -- thereby a loss

of the stabilizing properties.

L. Constant external moment, no damping; pseudo-regular

precession.

5. Constant external moment with damping proportional to the
speed.
6. Simplified calculations of the precession by elimination

of the inertia units.

7. Action of the gyroscope in the presence of coulomb friction

" around the gyro axis.

8. The same case (7) simplified by elimination of the inertia
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Of the problems listed above, the seventh problem takes up
by far the greatest part of the monograph. The author ‘solves this
nonlinear problem by the piecemeal joining together of the linear
partial solutions by frequency. For this purpose he uses a graph
plane which contains the speeds around both gyro axes as the axes
of the coordinates. Moreover, he distorts the scale so that the
track curves become circles in the single quadrants of this plane
and can therefore be easily drawn. From time to time the central
points of this arc of the circle jump from one quadrant to another
while in transition. With this lengthy explanation of the *method
of the image point,™ several special cases are then discussed in which
the total nutational action takes place in one quadrant of the
image plane and in which the speeds therefore retain their signs.

Such is possible if there are strong external moments and the

nutation impulses remain small. In spite of the presence of friction,

undamped oscillations can appear in special cases. Moreover, special
cases are also possible in which the movement, while transiting,

comes to rest in cne of the two coordinates.

For the case in which the friction moments remain small as
compared to the gyroscope moments, approximate formulas are easily
derived. In the case of coulomb friction there also exists a sort
of pseudo-regular precession. The nutaticn amplitudes, however, decline
(during the precession) to a certain boundary value for which one
of the previously studied stationary movements them adjusts itself
with change points. Besides deriving pract?cably useful approximate
formulas for this case, the author still shows that from a measured
track curve of the gyroscope apex, the .coulomb frictions present in

the Cardan suspension can also be determined conversely.
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Ya. N. Roitenberg, "The Multiple Gyroscope-Horizon,"™ Priklad-
naya matematika i mekhanika [Applied Mathematics and
Mechanics], Vol 10, 1946, Pages 101-124.

In his very detailed and valuable work Roitenberg seizes upon
te idea which A. N. Krylov had discussed in his book on the "General
Gyroscope i‘heory and its Technical Application." Krylov had suggested
for the stabilization of ships, a platform on which two gyroscopes,
one each for rolling and yawing, were to be fastened. Instead of
the one gyroscope for each axis suggested by Krylov, Roitenberg now
takes two gyroscopes and investigates the operation of a system
composed of four gyroscopes during various motional conditions of

the ship on which the mechanism was to be located.

A valuable finding of this wotrk is shown by the fact that the
errors of the L-gyroscope mechanism can, in part, be considerably

smaller than those of a single-gyroscope mechanism with similar data.

The L-gyroscope mechanism is described in the first section.

It consists. of a Qa_rdan suspended frame on which the four gyroscopes
are so fastened that their housing can rotate around an axis passing
vertically to the platform. The rotor axes of each two of. these
gyroscopes are aligned in ,the normal position parallel to one another.
Their movements around the vertical axis of plane, however, are not
independent of one another, but rather are coupled together by rods.
The gyroscopes with parallel-lying rotor axes can therefore only

turn in an equal, but oppositely located angle around their vertical
axis of plane. These rotary motions around the vertical axis of

plane are still dnfluenced by spring clamps which continually seek

to c‘iraw“the gyroscopes back to a normal position. The system has a

" (power) assistance apparatus around the two gyro axes of the platform;

Y5
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'Ehe center of gravity lies under the point of intersection of the

two Cardan axes.

In the theory of the mechanism, frictions around thel gyrq and
- gyroscope housing axes are eliminated, Moreover, the acceleration
units are cancelled out in the mamner which is usually approved for
technical gyroscope problems and therefore are computed with the
mtechnical gyroscope equations." The rotation and curvature of the
earth, however, are included since they are important for further

theory.

After dealing with the movement units, the action of the
mechanism on an immobile base (Laboratory) is then computed. As
expected, one gets a timing oscillation and an earth rotation error
besides. Since the latter is composed of known quantities, it can

be determined by calculation and can therefore be compensated fore

In the calculati;m of the important rolling error for ships,
it is assumed that the mechanism moves on an orbital circle in a
vertical plane. For this case one gets a recording error which is
significantly smaller for the described 4-gyroscope horizon than the
error of a similarly constructed mechanism with only one gy;oscope.
The error of the singie-gyroscope pendilum is proportional to the
relationship of Ithe wave frequency to the characteristic gyroscope
frequency —- therefore a very small quantitg;'; the error of the

J,~gyroscope mechanism on the other hand is proportional to the square

of this relationship.

The errors of k-gyroscope and single-gyroscope mechanisms
may also be compared with one another for cases of linear and curve

accelerations.
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Since a characteristic oscillation period of SA{A minutes for
the single gyroscope horizon had proven éspecially favorable (Schuler's
84 minute principlel), the author also investigates his L-gyroscope
mechanism with the same modulation. In so doing he comes to the not
teo astonishing conclusion that when the (power) assistance is switched
off, the mechanism does not show a course or acceleration error.
Moreover, he can show that the oscillator impulse vector of all four
gyroscopes:is proportional to the absolute speed of the ship. Edch
pair of gyroscopes indicates for itself a component of this absolute

speed.

Especially important for gyroscope mechanisms is the question
of the accumulation of error in a series of’different maneuvers, which
was first studied by B. V. Bulgakov. Roitenberg studies this question
for an 84-minute system. With the aid of the method previously applied
by Bulgakov, he succeeds in figuring out the maximum error of his
mechanism in the form of a series from error integrals. For a practical
example of this, he comes to the conclusion that the maximum possible
error of his mechanism during the unfavorable series of different
ship maneuvers is exactly half as great as the corresponding error

of a single gyroscope mechanism.

The weaker ‘the (power) assistance is around the gyro axes,

the smaller is the ballistic' error in the maneuvers of short duration.

At the conclusion of his studies Roitenberg again discusses
the case of a 4~gyroscope mechanism with a characteristic oscillation
period which is considerably>smaller than 844 minutes. This question
is of great practical significance since an oscillation period of
8L.4 minutes can only be réached‘with difficulty. Ih doing this he

comes to the conclusion that in the case of .a characteristic oscillation

..5{77 -

Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0



" # .
roved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0 §
e

period which is hegligible in comparison with 84., minutes, the
ballistic recording errors of the L-gyroscope mechanism are smaller

by the factor 1/e than those of a single gyroscope mechanism,

D. A. Braslavskiy, S. 3. Logunov, and D. S. Pal'por, Raschet
i konstruktsiya aviatsionnykh priborov [Design and
Construction of Aeronautical Equipmgnt], State Publishing
House for the Defense Industry, Moscow, 1954. 583 Pages,

price.19.20 rubles.

This extensive book should be used as a text for schools which
are concerned with the development of aeronautical equipment designers.
It apparently originated in collaboration with the Mosco Ordzhonikidze—

Technicum for Aeronautical Equipment Designers.

The work, which is divided in three parts, discusses first of
all, in about 170 pages, general questioﬂs of aeronautical equipment
design; the second part of the book, almost 250 pages, contains
descriptions and designs for the most important aeronautical eguip~-
ment —- without gyroscope equipment -~ while the third pért consisting
of 150 pages is concerned with gyroscope equipment and automatic

pilots.

The introduction of three chapters is a model example for
primarily historical introductions as have been customary in the
Soviet Union for several years. The reader is spared hardly a single
name of all of the many original discoverers in Russia and with an
enviable carelessness practically all areas which are connected with
aeronautics or its equipment are described as discovef?d and machined
by the Russians. Two sentences, which are supbosed to characterize

the situation in the gyroscope field, may serve as a typical example:

48~
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"In the year 1765, L. Euler, a member of the Russian Academy of
Sciences, in his famous dissertation on the theory of the novement
of a rigid body, gave a schematic representation concerning the
question of the movement of a rigid body around a fixed point. The
leadership in general and applied gyroscope theory.was later taken
over by the Russian scientists A. Ne Krylov, Ya. A. Krutkov, Ye. L.
Nikolai, and B. V. Bulgakov." Finally, in an introduction which is
true to the (party) line, the invocation of the Fivé—Year Plan and
the Communist Party c&uld not be lacking. In the first chapter of
the book general requirements for aeronautical equipment are discussed.
In addition, structural parts, which are to appear again and again
in many mechanisms, are discussed. In 4a veryiéystematic form one
finds here, for example, a tabular survey of 52 different measuring
transmitters which, from time to time, are arranged according to
input and output amplitudes. Exhaustive descriptions and designs

of electrical and mechanical structural parts\(potentiometers,
inductive and capacitative transmitters,spring arrangement, dampers,

etc) can be very valuable for designers.

The second and most extensive chapter of the book has detailed
theoretical and descriptive designs of equipment for recording
pressure, temperature, quantity and charge of fuel, number of revo-

lutions, altitute, speeds and course deviations with magnetic means.

In the third chapter the most important. gyroscope mechanisms
are described in about 100 pages and the different automatic pilots
are described in an additional 50 pages. It would be interesting to

note the names of the most important Soviet researchers which are

cited at the beginning (of the chapter): "The development of the

fatherland's aeronautical gyroscope equipment is the service of the

Sov%gt designers Ye. F. Antinov, Ye. V. Olman, V. Ye. Sorkin,., and

_4‘9 Z -
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others"... "The most importanf; works concerning gyroscope theory
are by the well known Russian scientists N. Ye. . Zhu¥ovskiy,

A. No Krylov, Ye. L. Nikolai, B. I. Kudrevjé;h and, cancerning
applied gyroscope theory, B. V. Bﬂgakov. The development of the
theory of aeronautical gyroscope equipment came about through the -
works of S. S. Tighmenev, A. S. Koslov, Ya. I. Solov\'-wjv, G. 0.
Friedlinder, Ya. N. Roitenberg, P. V. Bromberg, V. A. Pavlov, and

others.™"

" The turn-and-bank indicator is described aé the first of the
gyroscope mechanisms. Two design forms are shown, of which the first
has a direct current gyroscope and is construc;t-ed essentially like
the Askania turn indicator; the second, however, is identical with
the turn-and-bank indicator brought out by the LGW firm around 1942,
in which a gyroscope of spherical shape ("the furious walnut®) of
30-mm diameter was used as the rotor. The drawing used in this book
has been taken over without any change from an LGW prospectus. The
damping gyro, with whose help the rate of revolution and the totary
acceleration can be measured at the same time, is described only in

brief and is illustrated in two drawings.

On the other hand, the different horizons are again treated
in detail. After a description of the most wseful designs (Sperry),
we (find) used a general error theory of the horizon and reference
made to the possibilities of re@ucing above all the banking error.
For this purpose one can either switch off the traverse (power)

assistance during a banking turn or can, however, install the gyro

axis in the airplane somewhat inclined in the direction of flight.

A "yaw and roll gyroscope with proportional (power) assistance
is described only briefly. ' Since for this purpose, however’,'the most

important data and also a photograph are given, one can assume with

-&0 -
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safety that this relatively complex mechanism has actually been
constructed, It is used/ for example, in the automatic control as
an indicator for banking turns and pitch. The whole mechanism weighs

8.3 kg and has external measurements of 200 x 263 x 215 mme

The turn-and-bank indicator combined with artificial horizon
which originated with the firm of Horn and which combined horizon,
turn-and-bark indicator; and banking level in one housing has been
reproduced in Russia. In any case, to a certain extent, considerable
changes have been undertaken, for exaple, in the type of recording
as well as in the adjustment. Moreover, the Russian gyroscopes work
with a rate of revoiution of 400 hz., while the Germa_n mechanism is
is equipped with two 500-hz. gyroscopes. The (power) assistance of
the horizon occurs through small mercury spirit levels which make
contacts for certain inclinations. Migratory curves have been devised
and mentioned in this book for an assistance of this type accordirg
to the "yes-no' principle and also for assistance characterized by

hysteresise.
¢

Next to the previously named conventional horizon types, the-
Russians have concerned themselves with the question cf aerobatic.
horizons and have even built a mechanism of this type. -However, -
the description is so inc.implet.g that the principle of the mechanism
cannot be“: clearly detarmined. In any case, it deals wiia 2 Jardan
syspended horizon in which, howerar, the rotor axis is not vertical
to the inner Cardan axise In this manner they avoid the coincidence
of rotor axis and external Cardan axis after a turn of 90 degrees
around the immer Cardan axis; however, in this singular case the axes

of the system still fall in a plane. The mechanism equipped with an .

alternat.ing-;current gyroscope weights about 2 kg and ‘has external

measurements of 126 x 189 x 132 mm.

&
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The method of operation of another aerobatic horizon whicht
is, however, presented only as a diagrammatic sketch, is easy to see
through. In this case they have used a third Cardan ring in which
the externél Cardan axis of the otherwise normal horizon system is
located. The additional Cardan ring is adjusted as usual and thus
will only be free when the gyroscope housing has turned 70 degrees
around the inner Cardan axis. The adjustment of the additional ring
will be switched on again if the rotary angle P of the gyroscope
housing leaves the range 70°<¢ P<Jl0°« In this manner. the gyroscope
will be given an additional degree of freedom in the region of the

dangerous "clinch~position.!

The section about the various horizons is concluded with a
short description of three different power-assisted artificial horizons

in which the gyroscope is omly the sensitive element; the stabilizing

. Lo >
forces, however, of assistance motors are applied. Three simple

schematic sketches of such equipment (with 1,2 and 4 gyroscopes) are
shown, but there is no indication whether mechanisms of' this type
have been built. The sketch of the arrangement with four gyroscopes
deviates from the power~assisted artificial horizon outlined by
Roitenberg in 1942 only to the extent that here the rotor aies are
all vertical to the plane of the stabilized platform, while the
original (Roitenberg) arrangement placed the gyroscopes so that

the rotor axes were parallel te the platform.

M so, in the discussion of the gyroscopic course indicator,
as in the discussion of horizons, after a .short description of‘thc
main possibilities, a general error theory is brought forth which
represents in a noteworthy and comiphete manner tﬁe errors (caused)

bby the rotation of the earth, displacemeht of the center of gravify, {

_4a.
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axial friction, Cardan suspension and by acceleration forces in various

fTight positions.

The above mentioned gyroscopic course indicator, which was
already comprehensively reported on page 45, is here described in
detail as the first mechanism. Here they are dealing with a gyroscopic
course indicator with a magnetic assistance in which the magnet needle
serving as sensitive element is located directly over the gyroscope
in the mechanism housing. It is also worth noting in this comstruction
that the assistance of the gyroscope system around the inner Cardan
axis does not occur simply vertically to the plane of the external
Cardan frame, bub rather, vertical to the direction of the apparent
perpendicular which is indicated -- as in the pneumatic Sperry horizon --
by t\n(o small regulatory pendulums. D. A. Braslavskiy, M. G. Elkind

and M. M. Katchkatchian are named as designers of this mechanism.

[ The Russians] have sought to avoid the disadvantages of the
pneumatic mechanism with direct mégnetic assistance by the further
development that first of all one assumes a separation between course
detectors and gyroscopes, secondly, that the mechanism:is electrically
operated and finally, thirdly, an induction compass is used in place
of a magnetic needle. In order to get the necessary assistance
currents for the gyroscope, an additiofxal two-step tube amplifier
is installed between ;t,he induction transmitter and the gyroscope.

The mechanism thus produced is illustrated in detail by construction

sketches and phébographs.

On the other hand, a "gyroscope—_!isndustion-l-compass ," which was
=17
already mentioned in Schlandin's book , is treated in a relatively

brief manner. They are dealing here with an induction compass in

which the three induction coils, which are reset at eack 1200, are

mounted on an artificial horizon in order thus to remain constantly-

in the horizontal planes
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The mechanical possibility for assistance which was applied by
Alkan -~ that -is, a rotating sphere on the gyroscope housing -- is

mentioned quite briefly.

At the conclusion of the sectiun on gyroscopes equipment, a
"three-gyroscope~central,! which can,assﬁme the job of horizon and
gyroscopic course indicator at the same time, is once again described
in brief. In this they are dealing with a fusion of three normal
monoaxial power stabilizations which consist of one gyroscope eaqh
and one (power) assistance motor for each axis. A magnet compass is
provided as a measuring gauge for the course axis while liquid spirit
levels are provided for the other two axes. The controls for the
assistance motors around the two transverse axes are calculated in
thié case in'a special coordinate converter from the indicator
values of the spirit level. Also, in the section about automatic
pilots the names of the most important Soviet researchers are
mentioned. In this section we read: "The questions of the dynamic
stability of the airplane are explained not only tﬁeoretically but
experimentally in the fundamental works of V.P. Vetchinkin, V. S.
Vedrov, V. S. Psychnov, L. V. Klimenko, I. V. Ostoslavskiy, G. S.
Kalatschev, and others. ... A number of successful constructions of
automaﬁic pilots were designed by the Soviet engineers I. A. Timofeyev,
A. A. Lusis, M. F. Sediskiy, V. Ye. Sorkin, and others,vin which
the products of foreign firms were considerably surpassed. The
engineers Ye. F. Antinov, Ye. V. Olman, L. I. Semenov and others
have played a large part in the recent.development of the construction

‘of automatic pilots in the USSR.

After the presentation of theory for automatic pilots, which

for the purpose of this book was fully sufficient, several designs

are then described more closely. In this it is worthwhile to note

-8 - ;
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that the autématic pilots described in the book 6%?6 are no longer

mentioned at all. Oée could therefore assume that tiey have since
been replaced by more recent designs.  Also, the 3~axis automatic
pilot BGAP (abbreviation for "pneumatic-hydraulic autoriacic pilot™)
which is next described in the book can again (be considered) as
having already been made obsolete. It still has the principal
structure which has been known since the old pneumatic Sperry

3-axis control. The horizon, however, had been somewhat redesigned.

Also the automatic pilot of EAP type (abbreviation for Melectri-
#al automatic pilot™) which was next described, has apparently not
been successful. It operates according to the same principle as
the previously mentioned automatic pilet and has as gyroscope
mechanism a horizon as well as a courss indicator gyroscope. The
rigid circuit is rigidly formed so that when unidirectional moments

appear, certain residual errors will still remain.

The next described automatic pilot of type EAPB- (abbreviation

for Melectrical automatic pilot without  rigid return circuit") has

been completely changed in the principle design and construction.
One can recognize without difficulty that the German 3-axis control
of Rechlin (Moeller) as well as the structural parts of IGW and Patin
were the sources in the design of the control A telecourse indicator
gyroscope assisted by a magnet needle serves as measuring transmitter
for the vertical axis of plane and also, for each of .the three axes
an additional damping gyroscope which simultaneously dispenses with
the rate of revolution and the rotary acceleration. On.the inner

Cardan axis of the horizon there is further mounted an additional

acceleration gauge which dispenses with the horizontal cémp@nent

-4%5-
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of the airplane's acceleration and operates as an additional controlling

entity for the longitudinal bearing. *

The mixture of the individual

measuring values comes about -- as in the Patin mechanism -- through

highly receptive galvanometric systems with multiple input coils

and potentiometer tapping for the output. The telecompass, as well

as the horizon also, is used at the same time for the recording and

for this purpose is connected with corresponding "'repeaters." Data

given for these automatic pilots is as follows:

Service altitude

Feed voltage

Moment of steering engine

Maximum speed on drift bar

of steering engine
Necessary power

Weight

Admissible pitch angle

Admissible banking angle

12 km
27 v * 10%

18 mkg

70 mm/sec
500 w
75 kg
+ 850

* 700

Besides the above-named measuriug transmitters there is

also a Pitot tube whose recordinz value is likewise drawn

into the formation of the control values for the longitudinal

control.
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REVIEV OF RUSSIAN WORKS ON APPLIED MATHEMATICS,
MECHANICS, AND GYROSCOPICS

G. V. Shchipanov, Giroskopicheskiyepribory slepogo poleta. Teoriya,,
reschet i metody konstruirovaniya [Gyroscopic Dsvices for Blind
Flying. Theory, Computaticn, and Construction Methods], State
Publishing House for the Defense Industry, Moscow-Leningrad, 423
pages, 6,000 copies.

According to the preface by the author, this book may be regarded as a
sequel and supplement to a book by the same author entitled, "Theory, Computa-
tion, and Construction Methods of Aeronautical Devices." This book, ceverinrg

blind-f1lying gyroscopic devices, consisis of two paris. The first part deals
with the "Special Theory of the Pendulum and Gyroscopic Directional Indicator"
and allegedly gives the theoretical fundamentals on which the computation and
construction are based. The second part of the book emtitled "Gyro Compass,
Artificial Horizon, and Turn Indicator' shows how the general theory is ap-
plied to special devices, whereby the author limits himself to the three

aforementioned gyroscopic devices. Not one word is said in the entire book
about the directional gyro, although at the time of the book's publication
such & finished and tested device was already available.

The author does not mention in his introduction -- &8 is the usual pro-
cedure in Russian books -- for what group of readers the book was wrdtten.
Better books are available for the theorist, for instance "Applied Gyro Theory"
by Bulgakov which appeared two years before this book, or the book written by
Krylov and Krutkov on 'General Gyro Theory" which is still older. The theory
offered in this case is, despite the many superfluous formulas which fill lots
of pages, full of gaps and incomplete, and in many cases simply misleading.
The book can hardly be recommended for designers since the unnecessary mulfi-
tude oi formulas only causes confusion. You cannot expect the designer to
struggle through more than four hundred pages of obscure caicuiations and to
£ind out in the end thai the solution of the problem he wanis is not found in
the book. One concludes therefiore that this volumnous book is reduandant and
without valus. It could even be mentioned as having a damsging effect on the
reader since without hesitation too much use has been made of approximations
in the calculations and many of the drewings and sketches lack the necessary
accuracyy Some of them are not only quantitatively wrong but simply quali-
tatively untrue.

The first pakt of the book covering close to two hundred pages and treat-
ing of '"Special Theory", gives long-winded explonations on general problems of
the theoretical mechanics, which can be found much better, clearer, and more
concise in texthooks on theoretical mechanics. The manner of word usage also
is very misleading. For example, the author uses the expressions of preces-
sion and nutation generally for the two natural frequencies of systems with
two degrees of freedom. At another place the same nomenclature id used for
two components of one and the same oscillation. The reader is spared nothing
when the systems of two degrees of freedom are discussed. He has to endure
all possible combinations of return, damping, and coupling terms in the
linearly established two differential equations of the second degree. After
reading about one hundred pages of this talk one will discover that an engi-
neer well acquainted with theoretical mechanics could have come to thie con-
clusion after reading a few pagez. Thus the author finally arrives at two
systems each consisting of two coupled linear differential equations which
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only differ from each other in the type of the return terms. In the first
system indicated with an "S" (Sperry), the return forces are placed above
the cross in the differential equation system while in the second systen,
indicated with an "A" (Anschiletz), the veturn forces for a coordinate also
are used for this coordinate in the differential equation. Later the author
discusses some intermediate forms of these systems of equations and indicates
them with "SA".

An approximation method, originelly developed Ly Bairstov and was widely
and without hesitation used in the solution of equations of the fourth degree.

The theory of the gyprocompass as presented in the second part of the
book dess not give us anything new as compared to what had been written by
Krylov and Krutkov or by Bulgakov. However, in spite of the wide scope, im~
portant parts of this theory, such as the pendulum error, are not digcussed;
and only briefly mentioned.

The theory of the acceleration-iree synchronization {eighty-four minute
principle) which is of fundamental importance, especially to the gyrocompass,
is discussed in a biased manner. After this came the theory on gyroscopic
horizons which is voluminous as well as incomplete. Again the suthor will
tirve his reader with unnecessary generalities of his research in which he also
discusses the theory of systems which cannot be used in practice. 7iwo devices
are discussed in detail; the Sperry gyro horizon and the gyro horizon of An-
schietz and Co. While testing tne two dsvices, the author ventures to predict
that the Anschiletz gyro horizon will in the futues displace the 8perry insiru-
ment especially if one thinks of the utilization of the gyro horizon in the
automatic pilot. The seventeen years since the publication of the book have
proved the opposite to be true.

During the discussion of the Sperry bhorizon it may be of interest to note
that it was tried without result to make the dimensions of the Sperry horizon
smaller, without decreasing its accuracy. it does not follow from the text,
however, where and how these tests were made. During tae discussion of the
error theory of the Sperry horizon, one is startled to find that the maximum
error approximates the angle at which the control pendulums clear the exhaust
nozzles completely. This misleading result is no doubt caused by the fact
that the error theory actually forms the basis for the behavior with accelera-
ted rectilinear flight.

After enduring this theory of the gyro horizon one is not surprised at
the statement that the gyro really is not used at all, and that what you need
is to find the mechanism necessary to produce the terms in the differential ’
equations. The author does not reveal, however, how he plans to do that with-
out gyroscopes.

The theory of the turn-and-bank indicator, which actually forms the basis
for the devices made by "Pioneer” and “Schilowski', is kept entirely within
the framework of the gyro compass and horizon theories. For example, the
computation of the springs for holding down the frame is given with all the
details, as if there were no reference books for this type of computation, but
not a word is said about the stabilizer.

In this chapter you algo find the presumptuous assumption that the indi-
cated method of computing not only can be used for Picneer end Schilowski but
slso for any other constructive variation of bank-and-turn indicators, which
may be conceived at all.

The last paragraph of the book, entitled "Construction Components, Se-
quence of the Computation, and Design of Gyroscopic pevices', is agein noted
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yor the arrogant and unscrupulous menner in which the applied theory of gyro-
scopes is discussed in this book. Aside from the many things which were said
bhefore snd are repeated again, 8 computation schedule is given ior each of the
devices under discussion from which the separate steps may be seen that have
to be taker during the calculation. Since the formulas are given simultan-
@ously with each step, actually you have an ideal "cookbook" in front of you
with the help of which you can easily compute several compasses, horizons and
bank-and-turn indicators on a weekly basis -- if the schedule were complete!

The schedule for the Sperry horizon contain% for ingtance, all data for
the control pendulums as well as the air exhaust nozzles computed very ac-
curately, but the only advice given for the computation of the rotor is: "De-
termine ths dimensions of the rotor from the overall dimensions of the entire
device". To determine the number of revolutionsof the gyro the rule is simple:
"Divide the obtained impulse by the moment inertia of the rotor!" The last of
a total of twenty-five points of the plan to be followed in the computation of
the Sperry horizon is called plainly and simply: "gontrol and stress calcula-
tions"” in which the necessary formulas of course were not included.

To sum up the opinion of the reviewer: The bock is written in an arrogant
and obscure manner;, hence it is without value. A designer can get much farther
with the help of a textbook on theoretical mechanics and an engineer’'s manual.

N. I. Chistyakov, Elektricheskiye aviatsionnyyo pribory [Electrical In-
struments for Aviation State Publishing House for the Defense Industry,
Moscow, 1950, 534 pages, 6,000 copies, price 18 rubles.

In the preface of the book the author emphasizes that several good books
are available in the field of mechanical aeronautical devices. However, noc
suitable textbook was available on electrical seronautical devices which could
be used in school for the training of aeronautical engineers. The book sup-
posedly fills this gap. It has officially been introduced as a textbook.

The preface begins with the sentence: "Our country is the country of an
enormous air force. Soviet airplanes fly end will always fly higher, faster,
and farther than all other planes in the worid."

The introduction begins with the sentence: 'Electrical devices origina-
ted in our country. The famous Russian scientist M. V. Lomonosov built the
first apparatus to measure electricity about 200 years ago."

Nearly all chapters cf the book start with similar sworn statements and
in regard to gyroscopic devices there is no exception: "All basic principles
and ways of application of the gyroscope have beer worked out in the USSR by
many Russian dcientists and engineers such as A. N. Krylov, B. V. Bulgakov,

Ye. B. Lewenthal, Ya. N. Roitenberg, G. A. Slomyanskiy, Ya. I. Boloviyev, G. O.
Friedlander, S. 8. Tichmenev.

This does not prevent the author from showing & few pages later mostly
pictures of foreign gyroscopic devices, withcut mentioning naturally the land
of their origin. Only about seventy pages of this bulky book are devoted to
eleoctrical aeronautical devices. The autlor confines himself to descriptions
cf the design and the operational characteristics of the most important gyro-
scopic devices. In only a few cases computations and diagrams of component
parts of gyroscopic devices are given; for instance, on the various types of
electric supporting devices, consisting of an indicator and a torque producing
unit. The various possiblities of servomechanisms are slso discussed; however,
usually well-known forelgn designs are quoted. The general constructions of
b&nk-and-turn indicators, gyro horizons, force supported gyroscopic frames is
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only briefly described, but much room is devoted to the discussion of the

£y rocompass . The Russian designers followed in this case their own initiative
as can be seen from the descriptions. Agein you will £ind @ description of
the directicnal gyro controlled by & magnetic nsedle, in which the magnetic
needle has been fastened directly above the gyroscope in the housing of the
device. This arrangement 1is later abandoned in favor of 8 foreign design
which provides a spacious separation betweer the gyroscope and the magnetic
needle.

independent frou the monitoring by means of magnetic needles, much work
has been done in the field of induction selsyns, which are capable of indi-
cating the direction of the esarth’s magnetic field., Two of thess devices,
poth of which also use & gyroscope, have been built and tested. The gyroscope
in the 'horizontally balanced induction corpass’ serves only as 2 horizon in
order tc establish & proper basis for the induction coils. A directionsl gyro
is not present in this case. The reading of the induction selsyn is directly
transferred to &n indicator by msans of an amplifier. In the case of the
"gyro induction compass’ we have 8 supported directional gyro the monitoring
of which is provided by the induction selsyn. In this case the inductionsel-
syn takes only the place of the magnet of the "'remote reading compass. This
EYX0 induction compase is described iu great detail even with some consiruc-
tional features included. Pictures of the finished apparatus are included.

In order to be able to utilize the output currents of the induction selsyn for
the support of the gyroscope, these currents are conducted across & two-stage
tube amplifier jocated directly in the housing of the directionai gyro. It
may be concluded from other remarks that the design did not stand up too well
for they were trying to obtain a higher degree of safety of operation through
@2 change in construction. The construction of this device should be such that
i+ can still be used even if the amplifier breaks down. For that reason they
went back again to the use of & magnetic needle system as an indicator but
this time its rotations were transmitted to the course axis of the gyroscope
by means of & "magnosynsystemg" 1f deviations are present a corresponding
supporting current is applied to the internal cardanic axle. 1In case the sup-
port fails the magnesyn can be switched directly te the indicator.

A course indicator operating with an elsctron bsam is also described.
The deflection of &n elsctron beam is used to indicate various courses. The
directional gyro can be monitored by means of amplifiers. During the develop-—
ment of this device they planned to produce an inertialess indication of the
direction of the earth's magnetic field. However, since the same goal was
reached in 2 much simpler manner by the use of the inductive method, the work
on the electron beam course indicator lost its importance and has been dis-
continued for sous years.

A description of the "automatic pilot”, discuszed in several other books,
is given in chapter XiX. The device ca&n automatically plot the route of an
airplane on 2 chart from data supplied by course and airspesd indicators. Ac-
cordingly it also contains a directional gyro in addition ic an airspesd indi-
catpr. A disedvantage <£ the design is that chenges in wiand direction during
flight cannot be allowed for, and that o certain genzitivity is Srasent as a
result of fluctuations ir the voitage supply.

The bibliography at the ona of the book lisis ® total of eighty-Vwo pub-
jications which for the most pari covar topics of @ pursly electrical nature.
All worthwhile iunformation reizted te gyroscopic devices hag boen included in
the bibliography of the main report.

V. A. Pavlov, Aviagsionayye giroskogichaskize pribory {Aeronautioal
Gyroscopic Devices], State Publishing House Ior thz Defenss Industry,
Moscow, 1954, 411 pages, price 12,85 rubles. (It is noteworthy that
this publiishing house 20 longer jrdicates the number of copies of
the edition.)

_QU_
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This book may be considered the second edition of & book published in
1946, entitled: “Fundamentals ¢f the Desiga of Gyroscopic Devices'. it
has been introduced s a textbook for the specisl field of “aeronautical de-
vices” for advanced training in aeronautical schools. Apparently the suthor
had given a course on gyrcscopic devices for quite some time in such a school
and finally publisghed the material used in this course in book form in an
emplified manner.

As compared to the first edition the number of pages of the book has al-
most doubled (411 as compared to the previous 223 pages); however, if the
larger format is also considered, it has more tinn doubled. It may be noted
that the price of the kook has been lowered dssplte its greater size and that
it is & considerably better publication. ghrough comparison of the tables of
content it was determined that the increase in size actually can be traced to
the fact that a description snd the tkeory of zpocisl gyroscopic devices is
given in & number of chapters (111 to IX), which formerly were not included.
The wider scope in other parts of the ook can aseariy without exception be ex-
plained by the wider and more detailes discussion of the theory -- as I am sorry
to say! For the theory was already ratier weak in the first edition, while part
of the more praectical sections are excelleut. ‘These practical sections, how-
ever, have been copied without much change.

The manner in which the tbeoretical fur sentals as well as the computa-
tion of some devices is done is typical of syien textbooks., It is & decidsd
"cookbook" type theory! Instead of discus: gome important examples so as
to clarify the methods of computation, ever; ingle case is again thoroughly
calculated with all possible deiails. In - words a tiresome repetition is
presented in all sections of the solutions 7 xome differential equations with
constant coefficients with sometimes small s.sriations in initial conditioas or
in the single terms of the initial equaticns. It is difficult to conceive that
all this material cen be mastexsad within the scope of a course on geronautical
devices, as presented in this book.

It is obvious that this boek iz thi . ~i % teacher of long standing,
hecause & groat number of ratkazr girod denu: r&tion models are described and
shown in pictures. The great numbex of ever-izes are evidence of an iutensive
instruction method.

The introduction contains some valuable -aferences. The names of some de-
signers are mentioned Lere who heve distinguished themselves, especially in the
development of gyroscopic devices. They axre ¥. I. Kusnetsov, Ye. F. Antikov,
5. F. Farmakoriskiy, and A. I. Markov; in anciher place in the book, D. A,
Braglanskiy, M. M. Katschkatschian and M. G. Elkind, are mentivned as the de-
signers of the directional gyre supported by a magnetiic needle., Furthermore
8. A. Nosdrovskiy is called the inventor of the force supported gyroscopic
frame., In addition: thy xame yhaorists sre wentioned who are already suffi~
ciently known from other pubiications.

Chapters I and II present the genera) thevretical faucamentals., Easpeci-
ally the influence of friction on negrings *6 well as the effects of the earth's
rotetion wre examined, The gimbal rings are now also considersd in the deriva-
ticx of the general gyro equatisns agperently according tc the exanple of Nik-
olai. AllL other calculavions, howover, ave hs3ed on the simplified linearized

gyro equeiions.

The only point of interest in chaptsy ¥1I, which covers simple, nonsup-
ported directionel gyros, ig the ste.ument akout two migration curves which
were reccrded with twe different devices. w9 larger had an average migration
of 100/hour with a rotor weight of TOC greas. whiie the smaller with a rotor
welight of 172 grams had a migration of 259/hour .
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In chapter IV you learn that the supported directional gyroscope 88 de-
veloped in the USSR in whick the correcting magnetic needle is installed direc-—
tly above the rotor in the housing of the device, hes been abandoned in favor
of the "telecompass'. The latter device, the desiga of which incorporaiss &
separation between the gyroscope and ihe megnetiic needls, bas been described in
detail with its various types of transmission. The Russiun developmgnt appears
in close support of previous German design. The "gyroscopic magnet", in which
simply a magnetic needle iz rigidiy connected to a rotor housing, &s proposed
by Chechlov and appearing with a detailed calculation in s publicatiod {number
29 of the bibliography), is mentioned by Paviov as "interesting, but of imprac-
tical design."

Someihing new seeus to be indicated by the possibility of keeping the
directional gyro free from erroxrs during certsin asrobatic £iight patterns.
An arresting pin is installed in the gyro housing, which prevents the swinging
through when rotating around the inside cardanic axis. Precession will cause
the system to rotate rather rapidly around the outer axis until the inner ring
is again released after a rotation of 180°, i

Chapter V on the gyro compass is very detailed but of no importance. One
is surprised to find it in this book at all, for it is specifically pointed out
that the use of gyrocompasses in aircrafi is not edvisable beceuse of *heir ex-
tensive weight and large course errors.

, Ciapter VI, dedicated to artificisl horizens and verticsals, inciuded long
descriptions and calculations for the many possible types of supports Without
showing or describing any definite devices. "It may be of interest to point
out heve that the Soviets have picked up the original idea of Glitscher to ob-
tain & compensation of error through the introduction of an srtifictdl "drift
to port". A c¢isgrem is showa in Figure 6.25 which looks exsctiy 1ike & design
tscher, Whether suci: devices are actuslly being Huilt caanot be
de d from the text.

Bank-and-turn indicators are discussed in Chapter VII. Actually it is &
discussion of designs of German firms, some of which have been copind in the
USSR, Something new in this chapter is the description of & »iak snd tgrn
indicetor, which lately in Russien litersturc is aalled Fgyroiacnnestar, in
which an increase in asccuracy of indication i3 ubtained by seliivg the reading
always back to zero by means of shifting the zero point of ths spring re-
strainer, which shift is then taken as & measure of the speed of rotation. It
cennot be determined whether this device or any other gyroscuges for measuring
velocity and acceleration described in this book have actually been built.

Chapter VIII meinly presents diagrams as well as seme trsory on a great
variety of types of forcs supported gyro systems, also called inertia frames;
however, no spescific data on devices of this typs are givein.

Chapter IX contiains a brief discussion on a position snd angular velocity
recorder for three components as developed by TRAGI, &lso on snsegrating and
differentiating gyroscopic devices; finally & "gyro relay’ api a "vector stab-
ilizer" are menticned of which the latter is used to determins the ground
speed.

Chapters X up to XiV were taken irom the first edition =’ the pook with
minor chenges. The various component parts of gyroscopic utvites such as
rotors, bearings, supports, current trangmission systems, ang arvesving equip-
ment are discussed in these chapters.

The tables with rotor data tzken from the first volums Are here mainly
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supplemented by the inclusion of smaller types of gyros. It is further found
thet the former Germen gyr¢ types KA 4, KA 5, KA 7, &8 well as thé LGW spheri-
ca) gyro with a diameter of 30 mm (the so-called "mad wainut") are also in-
ciuded. One is of course somewhat surprised by the bold statement that this
type gyro is an agvanced development of one oi the designs developed by the
author (Pavlov). This "Paviov gyro", of which even pictures are shown in an
vesssesbled as woll as assembled state appears to be very primitive; it con-
sists of two balves of similar design, each provided with its own drive and
couplud together with a pin. Each of the top-shaped helves has only one ball
pearing, so that it is difficult to =se how the aysten can operate sensibly.

wuis time smeller ball bearings have been considered in the chapter on
supporta snd the tables have bsen supplemented accordingly. The latest re-
suits on tha problem of Ifriction in high-precision ball bearings (by Vieweg
in Darmstadt) were evalusted, naturally without imdicating the source!

The pew sdition also contains # small end incomplete sketch for an air-
supported or liquid-supporied gyroscepic devide. After a poor description of
only fourteer lines it says: "it should be pointed out that the type of sup-
port under discussio¢n can only be used with Zyroscopos having two degrees of
freedom which remain stationary on the earth's surface. Despite & number of
advantages of the described type of support, ball bearings &re mainly useé in
aercnautical gyroscopic devices, because they hav?Aa longer iife and alsc
operate better in systeus subjected to'vibrationa.”

Contrary to the poor information on air supports, you find again, as in
the first edition, detailed informstion on various types of oscillating sup-
ports. Based on information found in this book it may be assumed with a high
degree of probability that thorough investigation has been carried out in the
USSR in comnection with this problen.

Fumericsi date on the values of Iriction cbtained
with various types of bearings show that with oscillating supports they still
cannot approach the values as obtained with prismatic supporis.

In the chapter on rotor bearings the Anschiletz gyroscope bearing is dis-
cussed in detail.

Much practical materisal was assembled during the research on greatly dif-
ferant supporting devices. But also in this case preferably foreign designs
were gescribed. In a discussion on the support of the directional gyro by
peans of the earth's magnetic field, it was noticed that in addition to the
established methods with the aid of magnetic needles or the induction compass,
a device was described which cperates with an electron beam. This device, de-
veloped by L. A. Gontscharskiy, A, P. Moltschanov, and V. K. Svorykin, uti-
lizes the deflection of the beam of electrons caused by the earth's magnetic
field to generate & supporting current.

The information and pictures on the problem of pneumatic support of the
ingide gimbal rings for the directional gyro are proof of the intensive work
being done in this field. NHeasurements are made of the air pressure inside
the gyro housing to determine the wost favorable type of air conduit for the
support. An electric support is recommended for larger gyros which will make
it easier to obtain greater supporting moments.

The "Bulgakov Method" is used to determine the effect of supports with
the gyro horizon.

The two chapters on power trenumissions and arresting devices have been
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enlarged somewhat, vui wodt of the descuriptions discues Goradn Jdosipged.

Chapter XV autivlec "low to Determine the Main Characteristics ul Qy:ie-
scopic Devicea” ia & now chaptor. After & briof dsscription of varivus de-
viceg (three Goruen designs ae weli as the threa-coaponent rocorder <evelupdu
by TAG1), examples arc giver of calculatiuns fos ail impurtant gyresécaplc de-
vices and illustrated by meaus of n'merical examples. It is possiblu tirt the
tepciers in the USSR have experienced such poor results with their iedching
rathous that by writing thia type of "cookiook' they hupe ‘U msy laprovs. You
oen fiud here all formulas i you want Lo compute ‘classmic’ gysomoopl. Con.cts
hut in all other cases the book doss not help., The =urning direciod oy tho
suthor at the end of the chapter to the students Lh&T 116y canant tledye fwlldw
thiz schedule to the letter probably will aake the '0ukbouk engirneess’ ..re
heipless,

Summarfizing, it msy be saia that this new oditioa 13 vory valuavle, since
plenty of material bas been compiled in it. Unfortunatuly tho iaportant prac-
tical sections have hardly been supplemented wkile it would have been & plees-
ure to give up the insignificant theory.

V. Y. Rumyantsev, 'The Stability of the Spiral Motion of a Rigid Body in
a Liquid under Conditions Specified by S. A. Chaplygin”, Prikladnaya
matematika i mekhanika [Applied Mathematics and Mechanics], Vol XIX,
1955, pages 229-230.

Chaplygin established the equations for the general motion of a rigid
body in an infinitely expanded, ideal, incompressible liquid, and proved that
in a special case four integrals of thesz equations can be sstimated so that
the preblem can be reduced to a quadrature. Rumyantsev now indicates a
spécial solution of the Cheplygin equations which corresponds to the case of
a constant spiral motion of the body in the liquid.w The stability of this
spiral motion may now be found by examining the disturbed motion. The author
forms a Liapunov function from three special integrals according to the ex-
ample of Chaplygin from which then the stability conditions may be derived ac-
cording to the well known requirements of definability, In the special case
of a nonprogressive motion they are changed into the well-known stability con-
ditions for the case as examined by S. V. Kovalevskiy.

P. V. Kharlamov, "An Integral Case of the Equations of Motion of the
Heavy Rigid Body in a Liquid”, Prikladnaya maetematika i mekhanike
{Applied Mathematics and Mechanics], Vol XiX, 1955, pages 231-233.

In connection with the research done by 8, A, Chaplygin, & new case is
presenisd in which the equution of motion for a rigid boglv located in an in-
finitely expanded ideal incompressible liquid can be integrated. In this
particular case the center of gravity of the rigid body does not ¢nincide with
the center of gravity of the liquid mass displaced by it. Moreover, we are
dealing here with a generalization of the well-known case of Lagrange, for
which now a certain motion of propagéition is allowed. The author succeeds in
finding the solution of the angle of nutation and precession in the form of
elliptic integrals. Then the author examines the stability of the motion
found in this manner for a further simplified special case of this sclution
while determining a Liapunov funotion. The postulmte of the definability of
this function will give us the stability conditiomsuwe are looking for.
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